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ABSTRACT. A new tubiilidentate, Leptonjetero- 
pus guiJielmi gen. et sp. nov. from Member B of 
Lothagam-1, Turkana District, Kenya, is described. 
It is a generalized fonn for an aardvark, despite 
its relative!)^ recent age. Review of the known 
fossils indicates that Leptorycteropus, Onjcteropus 
and Myonjeteropus are representatives of three 
phyletic lineages. The aberrant Malagasy 
Plcsiorycteropiis is so distinct from the rest as to 
suggest that its ancestors reached the island at 
some time during the Eocene. A division of the 
family Orycteropodinae into Orycteropodinae and 
Plesiorycteropodinae nov. is proposed. The biology 
of O. afer and the nature of the myrmecophagous 
adaptation are reviewed, and the possible adapta- 
tions of the e.xtinct genera discussed. The surviv- 
ing species, as a fully committed myrmecophage, 
is anomalous in retaining functional jTOsterior 
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cheek teeth, a retention that may be related to 
the curious symbiosis between this animal and 
the cucurbitaceous plant Cuemuis humifructus. 
Available evidence is consistent with the hy- 
potheses of condylarth-tubulidentate relationships 
and of Africa as the place of origin of the 
aardvarks. 

INTRODUCTION 

Among the fossil vertebrate remains col- 
lected in the Pliocene deposits at Lothagam 
Hill, Turkana, Kenya, during the field sea- 
son of 1967 was a partial skeleton of an 
extinct aardvark that had evidently served 
as a meal for some carnivore. Several of 
the bones show tooth punctures, and the 
parts preserved are such as would remain 
after predator action. I am obliged to this 
otherwise unknown animal. Study of the 
surviving portions of its repast revealed the 
existence of the most generalized member 
of a peculiar and interesting order so far 
found and led to this review. 

Our field work in East Africa was sup- 
ported by National Science Foundation 
Grants GP-118S and GA-425. For the 
privilege of examining material in the 
British Museum (Natural Ilistoiy) and the 
Museum Nationalc dTiistoire Naturelle I 
am indebted to Mrs. Shirle\^ Coryndon 
Savage, Dr. A. J. Sutcliff, Dr. J.-P. Lehman 
and Dr. R. Iloffstetter. Figures 14 and 15 
Imvc been drawn by Mr. Laszlo L. Meszoly 
from sketches by me; the remainder are by 
Mr. Arnold Clapman. 

185-237, September, 1975 185 



147(5) 



186 Bulletin Museum of Co}U])aral}ve Zoologij, Vol. 147, No. 5 



TUBULIDENTATA 

ORYCTEROPODIDAE 
Orycteropodinae (see p. 216) 
Leptorycteropus^ gen. nov. 

Type species. — L. guilielmT sp. nov. 

Diagnosis. 1|, C^, Canines oval 

in section, larger tlian prcinolars; canines 
and premolars witli periplieral ring of 
cement; known molars comparable in size 
and striietnre to those of Onjctewpiis, large 
relati\e to size of animal. Maxillaries not 
extending forward to form elongate snout, 
not notched anteriorly, v^entral surface of 
palatal portion flat, not grooved medially; 
anterior portion of jugal wider, relatively 
shallower than in Onjeteropus, forming, 
wi til maxillary, a short, blunt descending 
process; dorsal portion of frontoparietal 
suture more ol)lique than in Onjeteropus; 
symphysis of mandible extending back to 
level of anterior end of P.,-. Centra of pre- 
sacral \xatebrae generally wider relative to 
depth than in Onjeteropus, saerals five. 
Limb bones in general more slenderly con- 
structed than in Onjeteropus, especially in 
shafts; much narrower across distal extremi- 
ties than in Myonjeteropus. Humerus with 
deltoid crest merging into shaft distally, 
not forming distinct terminal projection, no 
large V-shaped deltopectoral area, entc‘pi- 
cond)^le extending as far distally as trochlea; 
anteroposterior diameter of distal end of 
radius short relative' to transverse. Pc'ctincal 
process of ilium much less projecting than 
in Onjeteropus; medial surface of ischium 
very concave dorsal to obturator foramen. 
Hind leg bones more slenderly constructc'd 
than in Onjeteropus. 

Distribution. Pliocene, East Africa. 

^ XtTrros, slender + Onjeteropus; in allusion to 
the eomparati\ el\’ sk'mh'r limb bones. The speeies 
is named for Dr. William D. Sill, finder of the 
t\p(‘ specimen. 



Leptorycteropus guilielmi sp. nov. 
(Figures 1-9) 

Type. In Kenya National Museum, M.C.Z. 
Field No. 94-67K, \^arious fragments of the 
skeleton of a single, adult iiKlividual: an- 
terior portion of right maxilla with broken 
C and P^"“; posterior portion of right max- 
illa with broken and posterior ex- 

tremity of alveolus of AH; anterior root of 
left zygomatic arch with part of orbital 
rim; part of cranial roof including right 
postorbital process; part of left horizontal 
ramus with broken C- P^ and antero-in- 
ternal part of alveolus of My; several 
vertebrae in varying states of incomplete- 
ness: C 3-4, 6-7, an intermediate dorsal 
(D. 6?), D. 11-13, L. 3-8, saenun, Cd. 1 
and three other anterior caudals; a rib 
fragment; most of proximal and distal 
haKes of left humenis, greater tuberosity 
and part of liead missing; tw^o fragments of 
proximal part of right humerus; distal por- 
tion of right radius, fragment of center of 
shaft of right uhia; distal portion of right 
Me. II; pelvis lacking posterior portions of 
ischia and pubes, iliac crests incomplete; 
right femur incomplete in shaft and with 
head, gix'at trochanter and external condyle 
missing; distal portion of left femur lacking 
internal condyle; proximal two-thirds and 
distal extremity of left tibia, proximal and 
distal portion of right tibia, distal portion 
of right fibula. 

Jlypodigin. Type only. 

Horizon and loeality. Lothagam -1, low^ 
in Member B (Patterson, Bcdirensmeyer 
and Sill, 1969), Pliocene; Lothagam Hill, 
southeastern Turkana, Republic of Kenya. 

Diagitosis. As for the genus; approxi- 
mately half the size of Onjeteropus afer. 

Dentition. The maxillaiy and mandib- 
ular fragments combine to reveal that a 
canine and the normal eutherian comple- 
ment of cheek teeth w^ere present; the speci- 
men provides no information as to the 
presence or absence of incisors. Fj- are 
separated from the canines and P“ by short 
diastemata, and the rest of the clieek teeth 
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arc set off from eacli otlier by small gaps 
comparable to those occurring in Oryc- 
teropus and Myonjcteropus. All teeth show 
tubular^ structure. The tubes increase in 
size from the canines backward and also, 
particularly in the molars, from the centers 
to the pcriplieries of the teeth. Canines and 
premolars have a continuous peripheral 
ring of cement-; in this feature they closely 
resemble the sections of the last lower milk 
molar of O. afer figured by Thomas ( 1890) . 
The ring is thin in Pj and evidently not 
present in M^“-. 

The upper canine is oval in contour, 
wider and slightly longer than any of the 
premolars preserved, cither upper or lower. 
Of the lower canine only the posterior 
extremity is present. Py are tlie smallest 
of the clieek teeth and are rather wider 
relative to length than the narrow, elongate- 
oval P— Py is wider posteriorly than its 
predecessors. What remains of the alveoli 
of M} suggests that the size difference 
between premolars and molars was at least 
as pronounced as in Orycteropus and per- 
liaps more so, are similar to the 

corresponding teeth of the living species, 
botli in size and structure. The two lobes 
of M“ are approximately equal, the labial 
groove is deeper than the lingual, the 
anterior face is flat and the posterior 
rounded. M- is broadly oval in outline with 
only a vestige of the labial groove present. 

SktilL The anterior part of the right 
maxilla includes the palatal portion as far as 
the median suture. This fragment shows 
that the bony palate was flat transversely 
and very slightly concave anteroposteriorly, 
did not have a median groove, and was not 



^Maclnnes (1956, 9,8), pointing out that tu- 
bule, in dental terminology, is universally used 
for the minute canals that enter the dentine from 
the pulp cavity, prefers column or pillar as a 
name for the macroscopically \usible structures, 
Ilowexer, these are literally tubes of dentine en- 
closing cores of pulp and it would seem possible, 
within the context of the Tubulidentata, to use 
both tube and tubule without confusion, even 
though the adjecti\ al forms of both are the same. 

“ Confirmed by the preparation of sections. 





Figure 1. Leptorycteropus guilielmi gen. et sp. nov. 
Dorsal view of portions of left ramus (A) and of 
right maxilla (B). All teeth are broken and have been 
restored in the drawings to the alveolar level. X 3/2. 

notched anteriorly for the reception of pro- 
cesses of the premaxillae. The surface of 
the bone is to a slight and irregular degree 
undulating, and is perforated by a large 
number of minute vascular openings. It is 
probable that a palatal exposure of the 
\omer was lacking. The facial portion of 
the bone displays a degree of ciuA^ature 
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Figure 2. Leptorycteropus guilielmi gen. et sp. nov. Dorsal view of portion of cranial roof. X 3. 



similar to that of Orycteropus. There was 
no prolongation into a long snout. The 
posterior portion of the maxilla is large 
relative to the size of the animal; the 
anterior root of the zygoma arises as far 
above M- as does that of some speeimens of 
O. afer. The root is more massively eon- 
strueted than in Orycteropus, but the jugal 
is not as deep in this area. With the 
maxillary, it forms a short, blunt deseending 
proeess; between this and tlie sidewall of 
the maxillary there is a long, wide and 
shallow groove. The postorbital proeess is 
also about as large as speeimens of the 
living speeies and is similarly rugose above. 
Part of the frontoparietal suture is pre- 
served; its decidedly oblique course on the 
cranial roof shows that the frontals ex- 
tended back between the parietals to a 
greater extent than in Orycteropus. These 
few pieces show that the proportions of the 
skull were different from those of the sur- 
\'i\ing form. 

The ramus of the mandible between C 
and Mj is laterally compressed, relatively 



deep, and, in profile, very slightly convex 
above and concave below. A single mental 
foramen is present beneath P^; a well- 
marked groove runs forward from it. On 
the lateral face the beginning of a swelling 
is preserved at the level of the posterior 
extremity of the canine. The ventral half 
of the anterior end of the medial surface is 
thickened, slightly rugose and grooved 
anteroposteriorly. This can only be a part 
of tlie symphysis; it ends posteriorly be- 
neath the anterior extremity of P— and is 
much deeper and more solidly constructed 
than that of Oryeteropus. 

Vertebrae. The vertebrae preserved 
closely resemble those of Oryeteropus. 
Nothing indicates that the cui*vature of the 
column was appreciably different. What 
remains of tl)C neural spines of D. 6(?) and 
of the last three dorsals suggests that the 
spine of the former vertebra was inclined 
postcTiorly to a similar degree and that the 
anticlinal vertebra was the penultimate 
dorsal. The last six lumbars are present 
and the differences between the anterior 
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Figure 3. Leptorycteropus guilielmi gen. et sp. nov. Lateral, A, and medial, B, views of portion of left 
ramus. X 3. 



of these and the last dorsal would require 
more than one vertebra to bridge the gap. 
The trunk fonnula was therefore probably 
the same, namely D. 13, L. 8. The eaudal 
vertebrae are proportionally as large. 

The presaeral vertebrae differ eonsis- 
tently from those of Onjeteropus in having 
flatter eentra that are shallower dorso- 
ventrally relative to their widths, and in 
having the pedieles less notehed posteriorly. 
\o doubt other minor differenees between 
the two wmuld be apparent were those 
vertebrae better presented, but almost all 
of them have all processes broken off. The 
left metapophysis of L. 6 is in fact the only 
nearly complete one present; it differs from 
the corresponding process of Onjeteropus 
in being more v^ertieally directed, relatively 
higher and less expanded dorsally. Other 



distinctions detected are: the dorsal portion 
of the transverse process of C. 6 rises more 
ventrallyb the base of the transverse 
process of D. 6(?) is narrower anteroposte- 
riorly, oval in section with the long axis 
dorsoventral; the anapophyses of D. 11-12, 
to judge from the remains, were longer and 
more slender; and the h\q>apophyses of L. 
4-5 are relatively deeper. Colbert (1941: 
322) pointed out that the zygapophyses of 
the lumbars of O. gaudnji are not as con- 
cave and convex — hence less interlocking — 
as those of the living species. This is like- 



^ C. 7 has no vertebrarterial canal. Sonntag 
(1926; 455) and Colbert (1941: 322) state that 
this is present in the corresponding \ertebra of 
Onjeteropus. It is a variable character, however, 
as is shown by two spc'ciinens in the museum 
collections that lack it. 
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Figure 4. Leptorycteropus guilielmi gen. et sp. nov. Vertebrae. Left lateral and anterior views of D6? 
(A), L5 (B), L6 (C), left lateral and ventral views of Cd. 7 (D), X 3/2. 
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Figure 5. Leptorycteropus guilielmi gen. et sp. nov. Anterior (A), and posterior (B), views of left 
humerus, X 3/2. 



wise true of Leptorycteropus, in which 
these articulations in both luinbars and 
posterior dorsals also do not present medi- 
ally and laterally to the same degree. 

Fiw vertebrae are incorporated in the 
sacrum as compared to six in Oryeteropus. 
The bone is more deeply notched at tlie 
junctions of S. 3 and 4. The spines of S. 3-.5 
are separate at their bases. The centrum of 
S. 1 resembles those of the presacrals in its 
flatness and greater width relative to height; 
that of the last of the series is closer to Oryc- 
teropus in proportions. The bone is nar- 
rower across S. 3-4, i.e., the transverse pro- 
cesses of these vertebrae are relatively less 



expanded, and the iliac surface is conspicu- 
ously shallower dorsoventrally relativ^e to its 
length than in the living form. 

Insofar as eomparison is possible, Cd. 1 
is similar to the last pseudosacral (S. 6) of 
Oryeteropus, The other three caudals pre- 
seiAxxl progressively inerease posteriorly in 
the lengths of their centra; although other 
dimensions progressively decrease in the 
li\ing form, the lengths of the eentra re- 
main nc'arly constant as far back as Cd. 12, 
after which a decrease begins. The ti*ans- 
verse proeesses of Leptorycteropus arise 
farther back on the centnim, the neural 
arches are less notched anteriorly and pos- 
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Figure 6. Leptorycteropus guilielmi gen. et sp. nov. Anterior (A), and distal (B), views of distal por- 
tion of right radius; anterior view (C), of distal portion of right Me. II. X 3/2. 



teriorJy, and tlie zygapopliyses arc smaller 
tlian in the corresponding vertebrae of 
Onjcteropiis. Raised areas at the posterior 
ends of the ventral surfaces of the centra 
mark the positions of the chevron bones. 

These three candals are tcaitatively dc- 
tc'rmined as 3, 6 and 7. Their relative order 
is determined by progressive decrease in 
the size of the bases of their transverse 
processes. The identification of the last 
of them as Cd. 7 is based on a general 
agreement with Cd. 6 of Onjcteropiis (S. 
6 of the one being Cd. 1 of the othcT, and 
so on), the last of the scries in which the 
neural arch extemds postc*riorly well beyond 
the centrum and the spinal nerve passes 
laterally through a notch. From Cd. 7 to 
and including Cd. 12 of Orycteropus, after 
which the neural arch disappears, the upper 
parts of the pedicles enlarge l)aekward and 
downward to join thc‘ centrum, converting 
tlu' notch into a foramen. This determi- 
nation is not certain, of course, since 
characters such as these are subject to 
intra- and interspecific variation in position 
within the series; the wrt(‘bra of Leptorijc-' 



teropus in question could be Cd. S or even 
perhaps Cd. 9, but not, I think, farther 
l)aek than that. 

Anterior extremity. A section of the shaft 
of the left humerus is lacking. Calculations 
based on what is prescr\x‘d of the radius 
and the ratio of the radius lengtli to tlie 
humerus length in other members of the 
family suggest that humeral length in 
Leptorycteropus was approximately as re- 
stored in Figure 5. The anterior part of the 
proximal end, including much of the head 
and greater tuberosity and all of the lesser 
tuberosity, was lost prior to burial. What 
remains resembles in general the cor- 
responding part in Onjcteropiis; the de- 
pression in the lateral surface of tlie greater 
tuberosity is equally well developed in 
both forms. The comparatively slender 
shaft appears to hav^e been straightcr, less 
bowed than in the other gem‘ra. The 
deltoid crest is unicpie in being rather 
feebly dc'veloped, nearly straight and 
merging imperceptibly at its distal end into 
tlie body of the shaft. The pectoral crest, 
whik' strong proximally where it forms a 
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small shelf, is weak distally and, like the 
deltoid, merges into tlie shaft. It does not 
curve around onto tlie anterior face to 
contribute to a deltoid tuberosity and 
delimit a definite V-shaped deltoid area. 
Posteriorly, the shaft shows no indication 
of the prominent crests described by 
Macinnes in Mijonjcteropus. The distal end 
resembles that of Onjcteropus in most 
features, as it is less expanded transversely 
than in Mijonjcteropus and has a more 
prominent supinator crest than in Plesi- 
onjeteropus. It differs from all three in 
the greater distal extent of the entepi- 
cond\ie. 

The distal three-fourths of the radius is 
preserved. The crest on the anterior sur- 
face resembles that of Onjcteropus but is 
less salient. The crest in Mijonjcteropus 
is more salient distally, in Plesionjcteropus 
very greatly expanded. The distal end is 
shorter relative to width than in Orijcter- 
opiis and Plesionjcteropus, and is much less 
expanded transversely than in Mijonjcter- 
opus. 

What appears to be a portion from the 
center of the shaft of a right ulna is all 
that is preserved of this bone. It is long 
and of even length anteroposteriorly, thin 
transversely, grooved laterally and gently 
convex medially. If correctly identified — 
and I can refer the fragment to no other 
part of the orycteropodid skeleton — 
Leptonjeteropus resembled Mijonjcteropus 
and Onjcteropus in the anteroposterior 
dimensions of the ulnar shaft and differed 
decidedly from Plesionjcteropus, in which 
the shaft tapers distally. 

The median keel of the distal articular 
surface of Me. II is blunter and less project- 
ing than in Onjcteropus and Mijorijcter- 
opus; it extends to the dorsal side of the 
bone. 

Posterior extremity. A considerable part 
of the pelvis is preserved, although the 
posterior portions of the pubes and ischia 
and much of the dorsal margins of the ilia 
are lacking. Pelvic proportions as preserved 
arc much as in Onjcteropus; the ischium is 



present as far back as the beginning of the 
turnout to the lateral process, and this part 
of the bone bc'ars the same size relation to 
the ilium as does that of the living foiTU. 
Unfortunately, nc'ither in Leptonjeteropus 
nor in Mijonjcteropus is there any indica- 
tion as to whc*ther or not the ischium ex- 
tended as far posteriorly as in Onjcteropus. 
It does not do so to any extent in 
Plesionjcteropus, in which the area of the 
ischial tuberosity is more compact. The 
marked extension in the living form, 
whereby the postacetabular portion of the 
innominate has come to equal the preace- 
tabular in length, may be a specialization 
within the Onjcteropus lineage. Ilium and 
ischium of Leptonjeteropus together fonn a 
straighter line in direct acetabular view 
than is the case in the living form, in which 
the two l)ones slope upward from the 
articulation. The ilium curves laterally to 
about the same degree as in Onjcteropus 
but is more tapered at the extremity. On 
the gluteal face the linea glutea inferior is 
sharp and more prominent, especially an- 
teriorly, than in Onjcteropus. The portion 
of the bone below it presents more ven- 
trally. A linea glutea superior is not present 
on the part of the bone preserv^ed, and was 
probably situated at or near the missing 
dorsal rim. The gluteal face is slightly less, 
the mc'dial faee rather more concave than 
in the living form. The ventral portion of 
the great sciatic notch is preserved, indicat- 
ing that there was some posterosuperior 
expansion of the ilium. As the dorsal rim is 
broken off, it is impossible to estimate how 
large this may have been. I suspect that it 
was considerably less extensive than in 
Onjcteropus. In the latter, the deep sacral 
articulation extends well up on to it, 
whereas in Leptonjeteropus the shallower 
articulation does not extend beyond the 
part preserved; in the Mijonjcteropus ma- 
terial the critical area is broken off. 
Plesionjcteropus shows no trace of such a 
stmeture, the dorsal rim of the ilium flow- 
ing rather gently down to the posterior end 
of the sacral articulation. The large dorsal 



194 Bulletin Museum of Comparative Zoology, Vol. 147, No. 5 




A 



Figure 7. Leptorycteropus guilielmi gen. et sp. nov. Dorsal (A), and ventral (B), views of pelvis and 
sacrum. X 3/5. 



area in the living species, all of it dorsal to 
the linca glntea superior and marked on 
the gluteal fact' by prominent muscle scars, ^ 



^ Precisely what inuseles is uncertain. The seeker 
after usable information on hone-muscle relation- 
ships in the monograph of Onjctcropus afar is 
usually disappointed. Sonntag (1925, 1926) treated 
the two systems as though they bore virtually no 



may be another specialization within the 
On/cteropus lineage, one perhaps associated 



relation to each other, prox iding the scantiest of 
data on the e.xact areas of origin and insertion on 
the bones. Of two earlier xx liters, one (Iliim- 
plirex, 1869) is vague and the other (Galton, 
1869) had no skeleton at hand xvhile he xx^as 
dissecting. 
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with the extensive use of the hind leg and 
tail during digging (p. 218); Broom (1905) 
saw in it a resemblanee to Diademodon. 
The tuberele for M. rectus feinoris is about 
as in Onjeteropus, less extended, less erest- 
like than in Plesiorycteropns. The acetabu- 
lum is similar to that of the living form. 
The articular area is not as expanded pos- 
tcrodorsally and, on the ventral side, does 
not extend as far posteriorly. The ischium 



is very concave on its medial surface, the 
concavity deepening to a fossa at the level 
of the acetabulum. The bone does not in- 
crease in depth in the part preserved. A 
small spina ischiadica is present. The part 
of the pubis preserv'ed is similar in struc- 
ture and proportions to that of Orijcteropus, 
differing in the possession of a sharper crest 
on the ventral surface and in being di- 
rected more ventrally. The obturator fora- 
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Figure 8. Leptorycteropus guilielmi gen. et sp. nov. Anterior (A), and posterior (B), views of right 
femur. X 3/2. 

inc'n, \vlii](‘ similar in general outline to form of a large tuberele and is mneh less 
that of the living form, is thus relatively salient tlian that of Onjcferoptis, 

larger and deeper, at least anteriorly. The Tlie whole of the proximal end of titc 
peetineal ( iliopeetineal ) process has the femur is missing, together with much of 
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Figure 9. Leptorycteropus guilielmi gen. et sp. nov. Anterior (A), proximal (B), and distal (C), views 
of right tibia and distal end of right fibula. X 3/2. 
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tlie anterior face of tlie shaft. Tlie posterior 
face is somewhat flattcaied, as in Onjeter- 
opus; wliat is present of the anterior face 
suggests tliat it, too, was similar in shape 
to that of tlie li\ ing form. The lesser tro- 
chantc'r in position, inclination and form is 
also similar, aiul is likewise connected l)y a 
crest to a pectineal tubercle on the medial 
side of tlu‘ bone a little above the level of 
the tliird trochanter. Only the base of the 
latter remains. The distal end is similar in 
every feature to that of Orycteropus excc*pt 
for being relatively more slender in the 
shaft abo\e the distal articular area. The 
structure and proportions of tlie bone as a 
whole are closer to those of the living form 
than to Mijonjcteropus and, especially, 
Flesiorycteropus. 

The proximal portion of the left tibia 
and the distal portion of the right fortu- 
nately overlap, permitting a good estimate 
of the length of the bone. Allowing for the 
missing proximal end of the femur (Fig. 
8), the two bones seem about equal in 
lengtli, with the tibia perhaps slightly 
longer. The bone is more sk'nderly con- 
structed than is that of Orycteropus, both 
in the shaft and in the relative width of the 
proximal caid, and is by no means as bowed 
medially as it is in O. afar. The proximal 
articular areas are essentially similar in the 
two genera. Tibia and fibula are also fused 
at th(‘ir upper ends, although the area of 
fusion is less massive in Leptorycteropus. 
In agreement with O. gaudryi, there is an 
uniutcaTupted rim of bone running from 
the patellar tuberosity to the junction with 
the fibula, a contrast to the living species 
in which a deep notch is present in this 
area. The tul)erosity and tlu‘ cnemial crest 
arc‘ relatively less salient than in Orycter- 
opus, the crest terminating slightly higher 
on the shaft. Distally, the interosseous crest 
is mucli lc‘ss prominent than in Orycteropus, 
otherwise agreeanent between tlu‘ two 
forms is close. Thc‘ distal end of the fibula 
differs again in tlu' lesser development of 
the intcaosseous crest, and also in the 
relativc'ly smaller lateral malleolus. As in 



the ease of the femur, the tibia and fibula 
of Leptorycteropus are closer to those of 
th(‘ living form than to those of My orycter- 
opus and Flesiorycteropus. 

Measurements In mm. 

Dentition 

C xM- xM^ P- P- P- P~ 

1 1 ! 3 4 

Length 5.9 3.5 11.1 7.4 3.6 5.1 4.8 4.9 

Width 3.1 1.6 7.0 6.9 1.6 1.8 1.8 2.7 



Skull 

Width across canines 20.8 

Width of cranial roof across post- 
orbital processes 49.6 

Depth of ramus beneath P:>, medial 

side 10.4 

Vertebrae 

C. 3, length of centrum 7.7 

length of zygapophyses 13.1 

C. 4, length of zygapophyses 12.4 

C. 6, lei4gth of centrum 8.2 

width of anterior face of centrum 12.5 

height of anterior face of centrum 

at center 4.7 

C. 7, length of centrum 8.3 

D. 6(?), length of centrum 9.4 

width across postzygapophyses 10.6 

Width of anterior face of centmni^ 11.9 

height of anterior face of centrum 

at center 5.0 

width of posterior face of centrum^ 12.8 

height of posterior face of cemtrum 

at center 5.5 

D. 11, length of centrum 10.7 

length at zygapophyses 15.1 

width across postzygapophyses 12.4 

width of anterior face of centrum^ 13.6 

height of anterior face of centrum 

at center 5.1 

width of posterior face of centrunP 15.3 

height of posterior face of centrum 

at center 5.8 

D. 12, length of centrum 11.3 



^ IvxcliKlin^ tlie rib facets. 
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lengtli at zygapopliyscs 17.3 

widtli across prczygapopliyses 12.5 

widtli across postzygapopliyscs 10.3 

width of anterior face* of centriinF 14.0 
heiglit of antc'rior face of ec*ntruin 

at center 5.4 

width of posterior face of centrnnd 15.4 
lieight of postc'i'ior face of centrum 

at center 6.5 

D. 13, lengtli of centrum 12.3 

length at zygapopliyscs 17.7 

width across prezygapophyses 11.8 

widtli across postzygapopliyscs 10.2 

width of anterior face of centrund 15.5 
height of anterior face of centrum 

at center 6.1 

widtli of posterior face of centrum’ 16.8 
lieight of posterior face of cc*ntruni 

at center 6.7 

L. 3, length of centrum 13.8 

width across prezygapophyses 13.5 

width of anterior face of centrum 14.9 

height of anterior face of centrum 

at center 6.6 

widtli of posterior face of centrum 16.1 

h(*iglit of posterior face of centrum 

at center 7.4 

L. 4, length of centrum 14.0 

width of anterior face of centrum 14.4 

height of anterior face of centrum 

at center 7.1 

widtli of posterior face of centrum 16.3 

height of posterior face of centrum 

at center 7.8 

L. 5, length of centrum 14.0 

length at zygapopliyscs 20.2 

widtli across prezygapophyses 14.2 

width across postzygapopliyscs 13.0 

width of anterior face of centrum 14.6 

height of anterior face of centrum 

at center 7.0 

width of posterior face of centrum 15.7 

height of posterior face of centrum 

at center 7.5 

L. 6, length of centrum 13.4 

length at zygapopliyscs 19.9 

width across prezygapophyses 14.0 

width across postzygapopliys(*s 13.3 



width of anterior face of centrum 14.1 
height of anterior face of centmm 

at center 6.8 

width of posterior face of centrum 16.4 
lu*ight of posterior face of cc*ntrum 

at center 7.4 

L. 7, length of centrum 14.7 

length at zygapopliyscs 21.7 

width across postzygapopliyscs 16.5 

width of anterior face of centrum 15.3 

height of anterior face of centrum 

at center 6.8 

width of posterior face of centrum 18.1 

L. 8, length of centrum 13.8 

length at zygapopliyscs 22.0 

width across prezygapophyses 17.2 

width across postzygapopliyscs 18.4 

width of anterior face of centrum 18.6 

width of posterior face of centrum 19.7 

height of posterior face of centrum 

at center 7.0 

Sacrum, haigtli of centra 71.1 

width across iliac articulations 53.5 

length of iliac articulation 26.8 

height of iliac articulation 13.8 

width at junction of S. 3 and 4 26.4 

width of centrum of S. 1 18.5 

height of centrum of S. 1 at center 6.9 

width of centrum of S. 5 13.7 

height of centrum of S. 5 at center 6.8 

Cd. 1, length of cc'iitnim 15.5 

length at zygapopliyscs 21.9 

width across prczygapopliyses 10.8 

wa’dth across postzygapopliyscs 9.0 

width of anterior face of centrum 13.5 

height of anterior face of centrum 

at center 6.6 

width of posterior face of centrum 13.2 

height of posterior face* of centrum 

at center 7.1 

Cd. 3, length of centrum 17.1 

width of anterior face of centrum 12.7 

height of anterior face of centrum 8.3 

width of posterior face of centrum 13.7 

height of posterior face of centrum 8.3 

Cd. 6, k'ligtli of centrum 19.2 

w idth of anterior face of centrum 12.0 

lu'ight of anterior face of eeiitrum 9.1 
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width of posterior face of centrum 12.4 
heiglit of posterior face of centrum 9.3 
Cd. 7, length of eentrum 20.2 

widtli of ant(‘rior face of centrum 11.2 
lieiglit of anterior face of ccaitrum 9.2 
widtli of posterior face of eentrum 11.9 
height of posterior face of centrum 9.5 

Ratios of height to width [lOOh/w] in the 
centra of presacral v^ertebrac 

Leptonjetevopus Onjrtcropns 

C. 6 ant. 37.6 41.4 

D. 6(?) 

ant. 42.0 51.2 

post. 43.0 50.9 

D.ll 

ant. 37.5 50.8 

post. 37.9 41.2 

D.12 

ant. 38.6 47.2 

post. 42.2 35.5- 

D.13 

ant. 39.4 37.8- 

post. 40.0 38.7 

L.3 

ant. 44.3 50.0 

post. 44.6 49.3 

1..4 

ant. 49.3 51.0 

post. 47.9 48.3 

L.5 

ant. 47.9 50.5 

post. 47.8 48.9 

L.6 

ant. 48.2 51.4 

post. 45.1 48.0 

L.7 ant. 44.4 47.2 

L.8post. 36.1 39.0 

Anterior extremity 

Humerus, anteroposterior diameter 

near center of shaft 10.0 



“ The medial parts of the rib facets in posterior 
dorsals liave l^ecome ineoiporated into tlie articular 
snrtac(‘s of the centra, tlins inereasing tlu'ir widtlis. 



transvers(‘ diameter near center of 

shaft 8.9 

transverse diameter of distal end 27.5 
anteroposterior diameter of distal 

end 11.7 

anteroposterior diameter of trochlea 10.6 

trans^ers(* diameter of trochlea 16.3 

proximodistal diameter near entepi- 

condyle 15.4 

Radius, anteroposterior diameter near 

center of sliaft 8.3 

transverse diameter ntair centca* of 

shaft 5.6 

transverse diameter of distal end 16.5 

anteroposterior diameter of distal 

end 10.9 

Ulna, anteroposterior diameter near 

center of shaft 11.1 

transverse diainctcn- near center of 

shaft 5.5 

Me. II, transverse diameter of distal 

end 7.9 

anteroposterior diameter of distal 

end 7.0 

Posterior extremity 

Pelvis, preacc'tabular length of ilium 

(est.) ^ 65.0 

width of ilium at center 12.3 

anteroposterior diametei* of aee- 

tabulum 17.8 

dorsoveutral diameter of ace- 
tabulum 15.9 

width at M. rectus femoris 

tubercle 16.4 

width of ischium anterior to spina 

isehiadica 7.0 

dc'ptli of ischium anterior to spina 

iscliiadica 13.2 

depth of descending portion of 

pul)is 5.6 

width of descending portion of pubis 6.8 

Fcanur, transverse* diametc*r of shaft 

below third troehanter 15.4 

transverse diametc'r of distal end 28.3 

anteroposterior diameter of distal 

end 27.4 

Tilua, length (est.) 111.0 
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anteroposterior diameter of proxi- 
mal end 29.5 

trans^'erse diameter of proximal end 30.3 
anteroposterior diameter at center 

of shaft 14.8 

trans\x'rse diami'tc'r at center of sliaft 8.S 
anU'i'opostc'rior diameter of distal 

end 13.3 

transverse diameter of distal end 19.5 
Fibula, anteroposterior diameter of 

distal end 12.2 

transverse diameter of distal end 12.7 



CONSPECTUS OF THE FOSSIL 
ORYCTEROPODIDAE 

Leptorycteropus 

As evident from the description, L. 
guilielmi is the most generalized member 
of the family so far known. Although defi- 
nitely orycteropodid — and orycteropodine 
— in structure it is, despite its comparatively 
recent age, primitive in various features, 
such as a short facial region, a relatively 
large canine (and perhaps a complete den- 
tition), a mandibular symphysis extending 
back to a point beneath the anterior cheek 
teeth, relatively slender limb bones (Figs. 
10, 12-13), humerus without a well defined 
deltopectoral area, tibia with a relatively 
weak cnemial crest, and so on. 

Until now the Tubulidentata have per- 
force had to be considered in the light of 
Onjeteropus, a rather specialized fonn. 
Leptorycteropus provides a better vantage 
point from which to assess phylogeny, re- 
lationships and adaptations within the 
order. 

Orycteropus. 

(Figures 10-13) 

I follow those (e.g., Allen, 1939: 270-272) 
who include all living forms in O. afer. 
Confined today to subsaliaran Africa the 
species evidently enjoyed a more northerly 
distribution within the continent in rel- 
atively recent times, to judge from a partial 
skull found in the Tanezroiift region, 
central Sahara, in deposits of very late 



Pleistocene or earlv Recent age (Romer, 
1938: 177). 

A numbc'r of extinct forms have been 
referred to the' genus. Those so identified 
only on the basis of isolated teeth or of 
maxillary and mandibular fragments must 
be rc'garded with reserve. Leptorycteropus, 
for the molars, and Myoryctcropus, for the 
cheek teeth as a whole, show that oryetero- 
podines differing decidc'dly from Orycter- 
opus in cranial and postcranial characters 
may have teeth so similar to those of 
Orycteropus as to make generic discrimi- 
nation on such e\4dence impossible. 

Tlie following, arranged in geochrono- 
logic order, may on available data be 
included in the genus: 

O. tna u ritanicus Aramhouro (1954: 295; 
296, as O. frauclryi; 1959: 42-53) from the 
"\h’ndobonian” of Algeria is known from 
mueh of a badly crushed skull, mandibular 
fragments, tilna and elements of the fore 
and hind feet. Larger than O. gauclryi, it is, 
next to that form, the best known extinct 
member of the genus. Five antemolar teeth 
are present, the maxillaries extending 
beyond them anteriorly for an unknown 
distance; the tooth rows are more arched 
and more convergent anteriorly than in the 
other species, the premolars are somewhat 
larger, and M- is longer than M-. The 
facial region would appear to have been 
longer relative to the cranial than in O. 
gaudryi. 74ie tibia resembles that of O. 
gaudryi in slenderness and lesser degree of 
bowing; that of O. afer in the structure of 
the proximal end. The rather narrow 
astragalus lias a relatively longer neck than 
that of any other orycteropodid in which 
this bone is known. Mt. V, as in O. gaudryi, 
is relatively longer than in O. afer. 

O. gaudryi Major (Colbert, 1941) is by 
far the best knowai of any of the extinct 
orycteropodids; nearly all parts of the post- 
cranial skeleton except the clavicle and 
pebas are present in an individual from 
Samos. This and other specimens from that 
locality have been admirably described and 
compared with O. afer by Colbert, and de 



202 Bulletin Museum of Comparative Zoology, Vol. 147, No. 5 





< 



Figure 10. Anterior views of left humeri of Orycteropus (A), Myorycteropus (B), Leptorycteropus (C), and Plesiorycteropus (D). This and the three 
following figures are not to scale; O. afer is approximately twice the size of the others. Orycteropus and Myorycteropus are after Macinnes (13B 
modified); Plesiorycteropus is from Lamberton flOD, 12D and 13D reversed). 
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Bcaunient (1970) 1ms contributed siipple- 
inentaiy observations. In addition to the 
Samos (piarries, tlie species has long been 
known to occur at Maragha in Iran and has 
also been recorded from the Ukraine. O, 
gaudnji is the smallest of the several species 
so far described that can be referred with 
assurance to the genus. The molars are 
larger relative to the size of the skull than 
in the living species. A complete set of 
premolars is usually present, but no tooth 
anterior to them is known. The rostrum 
extends well beyond Pb but is more taper- 
ing and the palate narrower than in O. afer. 
The nasals are more deeply inset between 
the frontals, the occiput is more nearly 
vertical and narrower relatix e to height, the 
facial region is shorter, the olfactoiy area 
is less expanded, the anterior border of the 
orbit lies over the anterior part of M“, and 
the ascending ramus is more vertically 
inclined. The skull is longer relative to the 
leg bones than in O. afer. The postcranial 
skeleton is in general more slenderly con- 
structed as the bones, both axial and ap- 
pendicular, are relatively narrower. The 
manus, but not the pes, is relatively smaller 
than in the living species. Me. V and the 
fifth digit of the pes are relatively longer, 
and the great trochanter of the femur is 
lower relative to the head than in O. afer. 
A further difference, not mentioned by 
Colbert but evident from his figures and 
measurements, lies in the proportions of 
the hind leg bones — the tibia of O. gatidryi 
is definitely longer than the femur, 
whereas the reverse is the case in other 
orycteropodids with the possible exception 
of Leptorijcteropus. 

O. depereti Hcibing (1933), known from 
a nearly complete skull from the Pliocene 
of Peipignan, southern France, is compa- 
rable in size to O. maurltanlcus and, as in 
that species, has five antcmolar teeth, with 
the maxillary extending beyond them an- 
teriorly for an unknown distance. While 
agreeing with O. gaudriji in rostral width 
and in the possession of a nearly \'ertical 
occiput, the species approaches O. afer in 



the widtli of the palate relative to the total 
width of the facial region, the rather more 
inflated olfactory area, the* lesser degree of 
con\'ergence of the tooth rows anteriorly, 
the position of the anterior border of the 
orbit above the posterior border of M-, and 
the greater width relative to height of the 
oeeiput. 

O. pottierl Ozansoy (1965: 45-46) from 
the late Pliocene, Astian, of Turkey is 
based on a mandibular ramus that lacks 
the symphysis.^ Fi\a' antcmolar teeth arc 
present, as in O. maurltanlcus and O. 
depereti. The condyle is not as high relative 
to the alveolar le\^el as in O. gaudryl and O. 
afer; the inclination of the ascending ramus 
is eomparable to that in the living species. 
Ozansoy gave no measurements. To judge 
from his figures, the length of the lower 
tooth row of O. pottierl may have licen 
greater than that of the upper tooth row 
of O. depereti: ca. 76.0 mm as against 64.0 
mm. Differences of this magnitude, how- 
e\x‘r, occur in O. afer, and in individuals of 
that species, e.g., M.C.Z. 2097, the lower 
tooth row may be longer than the upper. 
The possibility, even probability, exists that 
O. pottierl is based on a jaw of the essen- 
tially contemporaneous O. depereti. It is 
unfortunate that no information on the limb 
bones is available as it would be interesting 
to learn if these were advanced in the 
direction of O. afer over those of O. gaudryl 
and O. maurltanleus. 

O. sp. (O. sp. cf. O. aethiopleus Sun- 
devall, Dietrich, 1942: 54). Three speci- 
mens, a ramus fragment with M^ and two 
Me. all isolated finds, have been collected 
in the Laetolil area, Tanzania. Whether 
they were found in the Pliocene or the 



^ A maxillary and some isolated teeth and limb 
bones were mentioned but not described. Ozansoy 
did not designate a type, nor give numbers to his 
specimens, nor state the institutions in which they 
are preser\ed. The mandible, as the only bone 
described, is ob\'iously the type. Presumabh', most 
if not all, of his specimens are in the collections 
of the Institut d’etudes et de recherches minieres 
de Turquie (M.T.A.), Ankara. 
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Figure 11. Lateral views of left ulnae and medial views of left radii of Orycteropus (A), Myorycteropus (B), and Plesiorycteropus (C). 
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early Pleistocene deposits there (xMaglio, 
1969: 12), or in botli, is not known. The 
inetaearpals are essentially identical with 
those of O. afer, but, as Leakey (1967: 19) 
has pointed out, this form could pertain to 
O. cviissidem or, it may be added, to some 
spceie.s as yet unknown, 

O. crassidem Macinnes (1956: 28-37) 
from the later Pleistocene of Kenya, t\pe 
from Rusinga Island (found in deposits of 
uncertain age but suspected by Macinnes 
to be not earlier than late middle Pleisto- 
cene and possibly younger), referred speci- 
men from Kanjera, is known from a partial 
skull, a nearly complete mandible and 
elements of tlie axial and appendicular 
skeleton. Not surprisingly, this form is very 
close to the living species, differing in only 
a few characters, such as relatively larger 
teeth and more vertically implanted M-^. 
It may prove to be no more than siib- 
specifically distinct. Macinnes (p. 35) 
tentatively assigned to it an isolated ungual 
from Rusinga. This bone differs from the 
unguals of O. afer and of the Kanjera speci- 
men of O. crassldens in characters that 
suggCvSt less proficiency in digging. It may 
not be referable to the genus, and is indeed 
the sort of ungual one would expect in 
Leptorycteropiis, 

The following should, I believe, be 
queried until better known: 

O.? sp. (Macinnes, 1956: 27-28), repre- 
sented by a single molar, identified as M^-, 
from the early Miocene of Koni, Kenya. 
The tooth is comparable in size and struc- 
ture to M^ of O. cife)\ but this does not 
necessarily reveal much about the animal 
that bore it. The upper molars of Lep- 
tonjetewpus (p. 187) are also similar in both 
respects to those of the living species. 

O.? sp. (Gabuniya, 1956), This earliest 
record to date of a tubulidentate in 
Eurasia consists of part of a left mandibular 
ramus from the middle Miocene of the 
Kuban region, North Caucasus. Alveoli of 
six antemolar teeth and of M^ are preserved, 
and also part of the alveolus of xM.. From' 
the high number of antemolars Gabuniya 
believed the specimen to be a young in- 



di\adual; the marked posterior increase in 
the depth of tlie ramus also suggests this. 
Ihe animal seems to have resembled 
Onjctewpiis and Mijorycteropiis in the 
elongation of the muzzle beyond the cheek 
teeth. It is hoped tliat additional material 
sufficient to determine its affinities with 
gi eater precision will soon be found. 

0..f^ hioiciii Colbert (1933: 2—6) was 
founded on a maxillary fragment with 
M--**' from the Nagri of Pakistan. Colbert 
believed the type to represent an adult 
individual with molars three-fifths as large 
as those of O. gaudnyi. Accepting this, all 
that can at present be said is that in O.? 
Jyroicni we Inn^e an orycteropodine with 
smaller than tliose known in any 
described uKanber of the family except 
Myorycteropns africanus. 

O.? pdgrlml Colbert (1933: 6-7) was 
described on the basis of an isolated tooth, 
identified as MV, comparable in size 
that of O. gaiidryi from "the lower part of 
the Middle Siwaliks," which suggests Nagri 
tige. Lewis (1938) referred a specimen 
bom the Dhok Pathan to the species; this 
consists of an incomplete cranium, includ- 
ing the posterior portion of the palate with 
molars, and part of the ascending ramus. 
The cranium, as restored by him, and the 
molars agree in general with Orycteropus 
but nothing is known of the faeial region. 

sp. (O. sp. cf. O. afer Pallas, Kitching, 
1963). Two specimens, an isolated AF and 
a ramus fragment with and broken AL, 
ha\^e l)een recovered from the Alakapan 
breccias. Kitchings measurements indicate 
a form with lower molars that are slightly 
longta' but notably narrower proportionaly 
than those of the type of O. crassklens, 

Myorycteropus 
Figures 10-13 

M. africanus Alaclnncs (1956) from the 
eaily Aliocene of Rusinga and Alfwanganu 

M.ewis (1938; 403) regarded it, incorrectly 
I think, as M“. Colbert in the caption to his 
figuie 5, states . . , anterior edge of tooth facing 
the left : left appears to be a lapsus for “right’3 
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Figure 12. Anterior views of right femora of Orycteropus (A), Myorycteropus (B), Leptorycteropus (C), and Plesiorycteropus (D). 
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Islands, Kenya, tlie only species, is the 
earliest adequately known ineinher of the 
order and also the most specialized of de- 
scribed orycteropodines. The type consists 
ot an incomplete maxilla with P*^— M-, 
some isolated teeth, a ramus with P — M- 
but laeking the symphysis, coronoid pro- 
cess and part of the angle, elements of the 
\ ertebral column and a rather good repre- 
sentation of the appendicular skeleton. A 
complete series of premolars was present 
and a \'er\^ small tooth found in the matrix 
surrounding the type is perhaps a fifth 
upper antcmolar. As in O. maiuitaniciis, 
M* is longer than By itself the denti- 
tion would not suffice to exclude the spe- 
cies from Onjcteropus, but it is quite 
otherwise with respect to the skeleton. As 
Maclnnes noted, the skull appears to have 
been relatively lower than that of Oryc- 
teropns\ the ascending ramus of the man- 
dible meets the horizontal at a much 
shallower angle, and the condyle evidently 
extended posteracl of the angular process. 
The symphysis is lacking. Since there is no 
indication of it on the part presented, which 
extends forward to Pj,^ it ^^^ould appear 
that the muzzle was prolonged anteriorly 
beyond the teeth, in contrast to Leptonjc- 
teropus and in general agreement with 
Orycieropiis. Mandible and molars are 
somewhat larger relati\T to leg bone lengths 
than in O. afer. The distal portion of the 
scapular spine has an expansion on the 
prespinous side opposite the mt‘tacromion. 
The clavicle is larger, relatively, than in 
Onjcteropiis. The humerus is laterally more 
bowed, the deltoid area relatively larger, 
and the distal end relatively much wider 
than in Onjcteropiis. Radius and ulna of 
Myorycteropiis are also relatively wider 
distal ly. The radius is somewhat shorter 
relative to the humerus than in the other 
forms, and differs from that of Onjcteropiis 
in the humeral and proximal ulnar articu- 



^ The lighting of Maclnnes' figure 4, plate 1 
is such as to suggest that the s\ inphysis began 
beneath Pi_o. Examination of the specimen, how- 
e\er, reveals no trace of it. 



lations. The metacarpals and phalanges of 
the* forefoot are relati\xdy larger than in 
O. afer; Me. in both is equally short 
relative to Me. II, but in O. gaiidnji Me. V 
is relati\ely longer. The trapezium covers 
a much larger part of Me. II than is the 
case in Onjcteropiis. The imguals are 
relatively narrower than in Onjcteropiis 
and have longer plantar protuberanees. 
The pehis is more slenderly constructed. 
The femur, in contrast to tliose of 
Onjcteropiis and — so far as known — 
Leptonjeteropns, has a more slender shaft, 
especially proximally, a more globular head 
set on a more distinct m*ck and separated 
from the great trochanter by a deeper 
noteh, and a much larger third trochanter. 
The shaft of the tibia is more compressed 
transN ers(*ly and the cnemial crest termi- 
nates in a blunt tubercle. Maclnnes re- 
stored the proximal end of the bone as 
having the articular area for the femur 
decidedly oblicpie to the long axis, with 
the lateral condyle facing more outward 
than upward (1956, fig. 9, (b) 1, p. 20). 
Attempts at a paper fit of the tibia, thus 
restored, to the femur result in an outward 
inclination of the former bone at an angle 
of about 45 to tlie long axis of the* latter, 
surely an impossible position. Maclnnes 
stated that the til)ia was somewhat crushed 
and preseiA ed no point of contact with tlie 
fibula, whieh lacked the proximal epiphysis. 
As his restoration made no allowance for 
this missing portion I present (Fig. I3B) 
an altc'rnative one that does and in so 
doing provides a better fit with the femur. 
Thc*re are \ arious differences between the 
tarsi of the Miocene and living forms, the 
most eonspicuous of which lie in the 
astragalus: in Mijonjcteropiis the medial 
flange of the trochlea does not extend dis- 
tally on the neck, and both neck and head 
are wider trans\a*rseh' and flatter dorso- 
\^entrally. The pes, like the manus, was 
relatiN^ely larger tlian in Onjcteropiis. 

Lavocat (1958: 142) has commented 
regarding the distincti\e characters of 
Mijonjcteropiis: “On \xmdrait ctre assure 
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Figure 13. Anterior views of left tibiae-fibulae of Orycteropus (A), Myorycteropus (B), Leptorycteropus (C), and Plesiorycteropus (D). 
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qu’ellcs necessitent reelleinent Fadmission 
dun nouveau genre.” I believe, on the 
contrary, that one could hardly ask for 
better generic characterization than is af- 
forded by the postcranial skeleton. 

Plesiorycteropus 
Figures 10-15 

The most isolated tubulidentate, morpho- 
logically as well as geographically, is P. 
madagascarlensis Filhol 1895. This is an 
extinct Recent species known from several 
of the superficial deposits of the island — 
Ampasambazimba, Ambolisatra, Antsirabe, 
Belo-sur-Mcr, Beloha, and Tsirave. For 
one of these, Ampasambaziml:)a, a date 
of 1035 ± 50 B.P. has been obtained (Tat- 
tersall, 1973B). 

The type is the cranial portion of a skull. 
FilhoFs description of it was exceedingly 
brief, expressed some doubt as to affinities 
and was unaccompanied by figures. P. 
madagascariensls remained virtually a no- 
men duhium for half a century.^ Real 
knowledge of it dates from Lamberton 
(1946), who redescribed the t)^pe (which 
he did not specifically identify, but which 
is obviously M.N.H.N. no. 1906-717, the 
specimen shown in his plate 1, figs, b' and 
b") and referred a number of additional 
specimens to the species. These were: two 
crania, one with the nasals attached, a 
sacrum, more than sixteen other vertebrae. 



^ It was not listed by Simpson in his classifica- 
tion (1945) — and for good reason. lie plainly 
stated (p. 34), ‘"An effort has been made to 
include all genera that are well defined . . . . 
Xe\ertheless, a great number .... surely or 

probably inv^alid or ... so poorly known 

as now to have little real meaning are deliberately 
omitted.” Late in 1942, when the manuscript of 
the classification was closed (p. lx), Plcsionjcter- 
opus amply fulfilled the last of these criteria for 
exclusion. I call attention to all this only because 
statements occur in the literature, sometimes with 
apparent suiprise, sometimes with overtones of 
chortling, that this or that obscure genus “is not 
in Simpson” or that some revision made before 
publication but after the closing of the manuscript, 
when he w'as on acti\'e service in the army, w^as 
“overlooked” by him. 



all of them incomplete, two humeri, a 
radius, an ulna, several metacarpals and 
phalanges, much of a pelvis, eight femora 
(from his text it would seem that Lamber- 
ton had at his disposal pelves and femora 
other than those he deseribed or listed, but 
he did not state how many), three tibiae- 
fibnlae, and three astragali. I have been 
able to study a cranium evidently not seen 
l^y him and some posteranial elements that 
he may or may not have seen, a point 
whieh eannot l^e determined from his 
paper. Some of these bones are strikingly 
different from the eorresponding elements 
of the other or\^eteropodids, which re- 
semble eaeh other in most of their known 
parts mueh more than any one of them 
does Plesiorycteropus. Lamberton noted 
resemblances in the Malagasy form not 
only to Orifcteropus Init also to dasypodids, 
myrmecophagids and manids. Plesiorycter- 
opus merits extended discussion. 

Two questions at once present them- 
selves — Flow good is the evidence that the 
various skeletal elements referred to P. 
madagascariensis really pertain to one 
form?, and What weight should be given 
to the rescml)lances to this group or to 
that? 

As regards the first question, Lamberton 
himself seems to have had lingering doubts 
(1946: 47, 49) since he expressed concern 
that some of the bones might, after all, 
represent manids and dasypodids. Lavocat 
(1958: 139) eehoed his uncertainty. I do 
not belie\T that there is any real jiustifi- 
eation for such hesitation. None of the 
bones in question, with the very dubious 
exception of the femur (see below), could 
be referred to any of the other groups 
known to inhabit or to have inhabited the 
island. They therefore pertain to one or to 
se\'eral animals that represent an additional 
group or groups. If they represent several 
then it is indeed remarkable that only one 
kind of peculiar humerus, one kind of 
peculiar femur, one kind of peculiar 
tibia-fibula and so on — all of appropriate 
size to belong together — is known. The 
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Figure 14. Plesiorycteropus madagascariensis. Ten- 
tative reconstruction of the skull in dorsal view. 
Based on the type and an unnumbered specimen 
in the Museum Nationale d’Histoire Naturelle, and 
on Lamberton, 1946: pi. 1, fig. c. X approx. 

l)on(‘s liave hocn found in various eoinhi- 
nations at several localities. For e.xainple, 
at Ainliolisatra tlie sacniin was found in 
articulation with the pelvis, and nine other 
\'ert(*brac* and a eraniinn were in close' 
proximity; at Tsirave inetaearpals and 
unguals, five feanora, a til)ia-fibula and 
two astragali were collected. The peculiar 
femur articulates well with the pelvis, the 
peculiar tibia-fibula with the femur, the 
])('culiar astragalus with the tibia-fibula, 
('te. It s(‘ems ('vielcait that we are dealing 
with the' iT'mains e:>f one' form only. 

Clonce'ruing the seeonel ([ue'stion, Lamber- 
ton himsc'lf came to no positive conclusion 
as to the affinities of Vlesiorycteropm. It 
might be, he thought, a '‘synthetic type',’" 
eoinl)ining eharacte'i'S of eele'utates, pan- 



golins and aarelvarks. llis te\xt givexs the 
impression that he' favoreel the concept of 
an inclusive Eek'utata, in the 19th century 
sense of the' te'rm, and regarded the fossil 
as lending se)ine support, as a possible sur- 
vi\'or of the aneexstral stock, to this now 
abandemeel grouping. But his prose is 
somewhat elusive on the point. The 
similarities te) elas\'poeliels that he noted are 
several anel striking, but are habitus re- 
semblaneexs (they arc discussed below 
under Adaptation, p. 224), those to myrme- 
cophagids fe'w anel minor. It may safe'ly be 
eoncluek'd, with Lavoeat (1958: 142), that 
similarities betweem Plesiorycteropus and 
edentates arc due to convergence. There 
is no e'\Tek'nee that any member of the 
Edentata, in the modern taxonomic sense, 
ever inhabited Madagascar.^ The similari- 
ties to pangolins may be consielereel to- 
gether with the more fundamental and 
more numerous re^eml)lanees to oryetero- 
podines. 

Skull Of the facial region only the 
nasals are known. These are short, suggest- 
ing that the face was probably not as long 
as the cranium. Rather narrow and well 
inset between the frontals, they widen an- 
tc'dorly — the reverse of the situation in 
Orycteropus — and their anterior border is 
eonca\T' rather than projecting forward in 
the midline. The orbital rim is not well 
defined dorsal ly and a postorbital process 
is lacking. The extent of the fronto- 
lachryrnal suture suggests the presence of 
a lachrymal that was probably comparable 
in position and relative size to that of O. 

^ That they may have done so was a minor 
myth of Paleontology that never achieved much 
enrreney. It rested on Plcsionjctcropns (the distal 
end of a tihia-fihiila was figured by Carlcton, 
1936, as an “unknown t\pe resembling arma- 
dillo”), and on limb bones once thought to 
indicate the presence of a possible relative of the 
tree sloths {Br(nhjtUcri\im madagascariensis Gran- 
didier 1901) but now regarded as probaldy per- 
taining to the extinct lemuroid PaJacopropithccus 
(Lamberton, 1947). The degree of convergence 
between tree sloths and PalacopropUhccus in 
various characters is rather striking. 
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Figure 15. Plesiorycteropus madagascariensis. Left lateral, A, and ventral, B, views of cranium. Un- 
numbered specimen in Museum Nationale d’Histoire Naturelle. X 3/2. 



al., alisphenoid; e.a.m., external auditory meatus; f.c., condylar foramen; f. car?, carotid foramen; 
f.I.m., foramen lacerum medium; f.I.p., foramen lacerum posterius; f. opt., optic foramen; f. ov., fora- 
men ovale; f. pgl., postglenoid foramen; f. rot., foramen rotundum; f. sty., foramen stylomastoideum 
primitivum; fen. ov., fenestra ovalis; fen. r., fenestra rotundum; fr. frontal; gl., glenoid process; la., 
fronto-lachrymal suture; occ., occipital; os., orbitosphenoid; p.m., pars mastoidea; p.p., pars petrosa; 
pa., parietal; pt., pterygoid; sq., squamosal; v.f., vascular foramina. 
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gaudnji. This is a contrast to the inandids, 
in whicli tlie lachrymal, when present, is 
more ventrally situated and has only a 
small facial portion. The cranial roof is 
more smoothly rounded across the parietals 
than in Onjeteropus, and the area of origin 
of M. tcanporalis is poorly de\ eloped. The 
degrees of participation of the frontals, 
parietals and supraoccipital in the forma- 
tion of the skull roof are essentially the 
same as in Onjeteropus. As in O. gaudnji, 
hut not as in O. afer, the occiput is essen- 
tially vertical. The occipital condyles and 
foiauK'n magnum arc* in every respect com- 
parable to those of Onjeteropus. A 1am- 
hoidal crest is present, running transversely 
without the median indentation present in 
Onjeteropus. It is confluent laterally with 
the dorsal margins of the posterior roots of 
the zygomatic arches. The cranial portion 
of the scjuamosal is relative!)^ longer and 
not as deep as in Onjeteropus. It meets the 
frontal and thus excludes the alisphenoid 
from contact with thc‘ parietal. The ascend- 
ing portion of the orhitosphenoid docs not 
extend as far dorsally as it does in Onjeter- 
opus. 

The position and structure of the ghaioid 
articulation, revealed hy tlie hitlierto un- 
deseril)(‘d specimen in the Museum Nation- 
ale cY flistoire Naturelle, is of great interest. 
The sciuamosal sends down a moderately 
extensiv^e, ratlier long glenoid projection 
that is set off below from the side wall of 
the cranium hy a notch. This process l)cars 
at its free extremity an elongate, narrow, 
trans\'crsely convex and poorly-d(‘fined ar- 
ticular surface for the mandibular condyle.^ 
The articulation is thus brought downward 
to a lc‘\el corresponding witli that of the 
l)ase of the occipital condyle and below 
that of the external auditory meatus. This 
is a point of major contrast to Onjeteropus, 



^ T1k‘ projection was lacking in tlie material 
a\ailal)le to Lamberton, who identified as the 
glenoid ca\ ity a shallow depression on the craiiinin 
aho\'e th(' foramen o\ale. This depression is vari- 
ahly de\ eloped in both Flesioryctcropus and 
Onjeteropus. 



in which the articulation occupies a much 
higher position — above both condyle and 
mc‘atiis — and of resemblance to manids and 
other fully myniiecophagous mammals, in 
which the articulation is on a ]cxc\ with 
the palate (see p. 220). The glenoid 
projection differs from that of manids in 
being relatively smaller, more posteriorly 
situated and directed more ventrally than 
anteroventrally. The zygomatic arch was 
probabl) reduced, and may perhaps have 
been incomplete. There is no postglenoid 
process, as in manids. The postglenoid 
portion of the skull is longer, relatively, 
than in Onjeteropus. 

The auditory region is l)asically oryctero- 
podid, although the auditory meatus is 
wider and more laterally situated and the 
epitympanic recess smaller than in Onjeter- 
opus. There appears to be no epitympanic 
sinus; one is present in the living form. In 
both genera the pars mastoidea is large and 
well exposed on the surface of the skull 
between S([uamosal, exoccipital and pari- 
etal; it is wider dorsally in Flesionjeteropus. 
In manids there is a large epitympanic 
sinus and the mastoid exposure is smaller 
and situated ventrally between squamosal 
and exoccipital. The foramina of the Mala- 
gasy form differ in only a few particulars 
from those of Onjeteropus — lachrymal 
within the orbit rather than on the side 
of the face, optieum slitlike and aligned 
dorsoventrally, not round, postglenoid pres- 

C'Ut. 

Nothing is known of the mandible or of 
the dentition. From the lowered position 
of the glenoid articulation, the loss of the 
postorbital process, and the evidently weak 
temporal musculature I would infer that 
the mandibular rami were reduced to 
rather straight, slender rods, with little in 
the way of ascending portions, and that 
the tec'th were' gn'atly reduced if not en- 
tirc‘ly lost. In oIIkt words, the masticatory 
apparatus of Plesiorijcteropus resembles that 
of other fully committed inyrmecophagous 
mammals, which Onjeteropus, in this re- 
spect only, does not (see pp. 226-228). 
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Tlie reseinl:)lances between Plesiorycter- 
opus and the inanids in skull structure are 
adaptive in nature, and lienee convergent; 
those between it and the oryeteropodines 
are indicative of affinity. 

Vertebrae, Laniberton did not point out 
any specific resemblances to inanids, and 
I am unable to detect any. On the other 
hand similarities to oryeteropodines and 
differences from manids are evident. The 
centra of the anterior dorsals are much 
wider than deep, their articular surfaces 
slightly convex in front and concave be- 
hind. The spines of these \Trtcbrae arc 
rather slender, long and inclined pos- 
teriorly, not elongate antcroposteriorly, 
rather than short and upright as in pan- 
golins. The only known posterior dorsal 
has a slight hypapophysis. The anterior 
caudals^ have high, slender spines, the 
ventral surfaces of the centra bear con- 
spicuous, forwardly converging vascular 
grooves, as in Onjeteropm, and lack the 
prominent, paired, anterior and posterior 
tubercles present in manids. Lamberton 
reported that the faces of centra of the an- 
terior caudals (including his lumbar”) 
are strongly inclined. The sacrum is de- 
cidedly oiAX'tcropodid, differing from that 
of the manids in numerous characters. The 
number of vertebrae, seven, is high, but 
only the first two arc significantly involved 
in the pelvic attachment;- the width of the 
bone decreases across the middle vertebrae 
and increases again posteriorly, decidedly 
more so than in Orycteropus; there is no 
direct sacroisehial connection, and the 
transverse process of the last pseudosaeral 
does not form a heav\% lilunt process pro- 
jecting laterally beyond the dorsal rim of 
the ischium. The spines of the anterior 



The vertebra described and figured (pi. 4, 
figs. 13, 13^, 13a) by Lamberton as a lumbar is 
an anterior caudal. 

“ Lumberton stated that Onjeteropus has seven 
sacrals. This is possibly a lajisus, but he may 
have had an exceptional specimen. He also men- 
tioned an ankylosis with the ilia in PJesiortjetev- 
opus; his figures do not support this, and the 
Paris fragment proves the contrar\-. 



sacrals are slight, low, largely fused and 
strongly inclined posteriorly, those of the 
posterior are larger, less fused and upstand- 
ing. The zygapophyses of sacrals 2 to 6 
arc not prominent. 

Anterior extremity. It is in the structure 
of the limb bones, both fore and hind, that 
Plesioryrteropus differs most notably from 
the other members of the family, although 
differences from the pangolins are even 
more impressive. In the humerus the delto- 
pectoral area is of oiycteropodid, rather 
than manid, type, and the medial cpi- 
eondyle is not drawn out into a long, 
bluntly pointed process. The radius is the 
most manid-like bone in the Plesiorycter- 
opus body, a resemblance lirought about 
by the hypertrophy of the linca obliqua 
and the transverse (not anteroposterior, as 
stated by Lamberton) flattening of the 
shaft. Both can be regarded as exag- 
gerations of features present in other 
orycteropodids, however. Absence or very 
slight development of the radial tuberosity 
is a point of resemblance to manids. The 
distal articulation is greater in the trans- 
vcYse than in the anteroposterior diameter 
and is divided by a shallow groove; in both 
respects the resemlilancc is to the Oryctero- 
podidac and not to the Manidae.^ The ulna 
differs radical!)" from that of other oryctero- 
podids and of manids in the distal dimi- 
nution of the shaft, which terminates in a 
small, styloid process bearing a facet for 
the cuneiform only. The large olecranon is 
straight, whereas in Onjeteropus it is mod- 
erately and in manids more deflected medi- 
ally. The groove in the lateral face does 
not terminate proximally in a fossa as it 
docs in manids. Among the materials avail- 
able to Lamberton were three kinds of 
mctapodials, which he identified, with 
some hesitation, as Me. II, IV and V. If 
he was correct, and I believe he was, then 
I\^ is longer relative to II and V longer 



^ Lamberton was not explicit as to whether or 
not the groox'e traverses the articular surfaces; 
in other orycteropodids the di\ision is partial, not 
reaching the anterior border. 
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r(‘]ati\e to ly tlian in Orijctcropus. Other 
cliffercaicc'S are to l:)e seen in the sinallta* 
earpal articulations, tlie ciir\aitiir(' of II 
and \y, the somewhat expanded distal 
ends ol tliese Imnes and the limitation of 
the keels on their distal articulations to the 
plantar surfaces. In none of this is there 
any approach to the short, sc[uat meta- 
earpals of the manids. Lamberton suspected 
that Me. I was lacking, as in oryetcropodids 
and in contrast to manids, and in this he 
was probably right. One proximal phalanx 
is known and this is long and orvetero- 
podid-like. The nnguals are long, deep 
and bear a large plantar tuberosit)^ They 
are apparently more compressed laterally 
than those of Orycteropiis, a point of re- 
semblance to Mifonjcteropus. They differ 
from those of manids in not being fissured. 

Posterior ext reality. The pelvis is rel- 
atively shorter than in Orycteropus and 
has a rather “squared-up” appearance when 
\ iewed from above or below. The ilium is 
not expanded dorsally to any extent. There 
is some similarity to Manis in these fea- 
tures, but the basic stnictnre is orycteropo- 
did, as Lamberton noted. The outwardly 
cur\ing ilium does not terminate antero- 
laterally in an expanded, blunt area, the 
ischium is concave medially above the 
obturator foramen, the pubis is directed 
medially as well as ventrally and posteri- 
orly so that much of the acetal)ulum is 
visibl e in ventral view, the acetabular notch 
is wide and deep and the several processes 
— ischial tul)erosity and spine, pectineal 
proc(‘SS, tubercle for M. rectus fern oris — are 
well developt'd. The area around tlie ischial 
tuberosit}' is much more compact, and the 
ischium as a whole shorter than in Orycter- 
opus as the preaeetabular portion of the 
innominate is longer than the postacetabu- 
lar. A decided point of resemblance to 
Oryeteropus and of contrast to manids is 
to b(’ seen in the stout, laterally projecting 
proc(\ss from tlu' arc‘a of the greater tuber- 
osity. In Plesiorycteropus the' process 
arises from this aixxi; in Orycteropus it is 
ant(‘rior to the arc'a, left behind so to spt'ak 



as the ischium expanded posteriorly. Un- 
fortunately, it is not clear from published 
accounts what mu.sclc or muscles attached 
to the process. The sacroiliac articulation 
is set we II foi ■ward, and is wholly anterior 
to the tubercle for M. rectus femoris rather 
than largely medial to it as in other 
oryetcropodids. The femur is distinctive, 
having a small head set on a well differenti- 
ated neck, a \^ery high great trochanter, 
no pectineal tubercle and a relatively 
enormous second trochanter that merges 
distally with the center of the posterior 
surface of the shaft. There is a certain re- 
semblance to the rodent femur in all this, 
so much so that Grandidier (1912) de- 
scribed one of these bones as the type of 
his Uypogeomys ])oulei. Lamberton pointed 
out that a number of these femora had 
been found in various deposits together 
with pelves and lower leg bones, '‘with 
which they accord perfectly,” and, just as 
tellingly, that no other bones of appropriate 
size that could represent a very large 
rodent have ever been found in Madagas- 
car. Ilis conclusion that the bones are 
attributable to Plesiorycteropus seems in- 
escapable. The femur agrees with that of 
the manids in the possession of a wide, 
shallow rotular groove and in the lack of 
a peetiiK'al tubercle but otherwise differs 
decidedly in the possession of a mcdianly 
placed third trochanter,^ a deep digital 
fossa and a large pit in the head for the 
ligamcmtum teres, characters present in 
oiyctcropodids. The neck of the femur in 
My orycteropus is better developed than in 
the living fonn. At first glance, the tibia 
and fil)ula look rather peculiar, but careful 
examination reveals that the peculiarity, 
from an Orycteropus point of view, is 
mainly due to three things: the lateral 
compression of the proximal half of the 
tibia, the ]:)rominent tubercle at the distal 



^ In Tertiary manids (Pdiiry, 1970: 498, fig. 30) 
the third trochanter progressively niov'es distally 
nntil in the living forms it disappears and M. 
glutens maximns comes to insert on a sw'elling 
above the lateral condyle. 
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('ncl of tlie cnemial crest, and tlic extensive 
distal fusion of the two hones. As regards 
the fusion, due to ossifieation in the 
interosseous membrane, Flesiorycteropus 
has simply carried to conclusion a tendency 
latent in the family (ef. Fig. 13). Myorycter- 
opus approaches the Malagasy form in its 
possession of a cnemial tubercle and a 
compressed proximal portion of the shaft. 
The structure of the manid tibia and 
fibula, which never fuse either proximally 
or distally, is \^ery different. The astraga- 
lus of Plesiorycteropns. eonforming to the 
short, comparatively shallow, distal articu- 
lation of the tibia, is short proximodistally, 
with the head and the relatively short neck 
directed much more medially than in 
Orycteropm and Myorycteropus\ an astrag- 
alar foramen is lacking and the trochlea 
is sliallower. The facet for the internal 
malleolus of the tibia is comparable to but 
better developed than that of these two 
forms; it extends medially on to the neck 
and is shaped to receive the forwardly fac- 
ing part of the articular surface of the 
malleolus. The head, although convex, is 
less rounded than in Orycteropus and the 
na\icular facet extends farther proximally 
on the medial side. The manid astragalus 
also lacks a foramen, at least in the living 
forms, ^ but is otherwise quite dissimilar. 
The neck is long and directed distally, and 
the head is largely concave. The manid 
tibia has no internal malleolus, strictly 
speaking, and hence there is no medial 
facet on the dorsal side of the astragalus.- 
To sum up, it would appear that 
Ples}oryctero])us displays few resemblanecs 
to and many differences from the Manidae. 
Such similarities as exist are not of a kind 



^Grasse (1955: 1273) unaccountably stated it 
to be present; it is known only in an unnamed 
Aquitanian specimen referred to the order l)y 
llelbing (1938- 300). 

“ There is a posteromedial styloid process, sepa- 
rated by a groove from the medial side of the 
bone, but this articulates with the astragalar 
trochlea, which continues in-oximomedially to the 
plantar surface. 



that would suggest relationship. On the 
other hand, there is a pervasive similarity 
to the Orycteropodidae, which is most evi- 
dent in the axial skeleton and pelvis, less so 
in the leg and foot lioncs. Even in these, 
howe^'(T, the liasic structure on which the 
various specializations have been super- 
imposed is an orycteropodid one. I believe 
there can be no doubt as to the ordinal 
affinities of the Malagasy form. 

PHYLOGENY AND MAJOR TAXONOMY 

The Tubulidentata are sometimes cited 
as an example of an essentially monophy- 
Ictic order. As Flesiorycteropus plainly 
demonstrates, such is not the case. Further- 
more, in addition to this major cleavage 
within the group, it is now apparent that 
the African and Eurasian genera, while 
closer to each other than to the Malagasy 
one, do not stand in any ancestor-deseen- 
dant relationship. Each of them represents 
a distinct lineage. 

Leptorycteropus, tooth structure apart, 
is a rather primiti\a" eutherian. While 
reeognizeably an oryctcropodine, it is less 
specializc’d than the other forms. Structur- 
ally it could represent the ancestry of 
Orycteropus and Myorycteropus, but its 
late sur\q\qil indicates that its predecessors 
had bc‘cn independent of theirs since at 
least Oligocene time. 

Orycteropus makes its earliest certain 
appearance with O. mauritanicus of the 
“Vindol)onian” of Algeria. This is a smaller 
species than the living one, and, as Aram- 
bourg emphasized ( 1959: 46), all the known 
limb bones are somewhat more slenderly 
constructed. This is also true of the yet 
smaller O. y^audryi. From available evi- 
dence' it \vould thus appear that there has 
been a modest and late increase in overall 
robustness of the limb bones, together with 
n'duetion of Me. V and the fifth digit of the 
pcs, and a relative increase in the size of 
the manus within Orycteropus. Progressive 
enlargement of the olfactory area and 
lengthening of the facial region occurred. 
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An increase in body size accompanied by 
a proportionately smaller increase in head 
size is also evident. O. afer is about twice 
as large as the known species of the other 
genera, and even the comparatively small 
O. <iaudrifi is decidedly larger. Relation- 
ships between the descril)cd species of 
Onjeteropus are not clear. Tnbnlidentates 
first reached Eurasia at some time in the 
Miocene (assuming an African origin for 
the order, see p. 232) and there may have 
been independent evolution within the 
genus in the north. I doubt if O. gaudrijl 
was involved in the ancestry of afer, which 
conceivably could have come from mauri- 
taninis, but whether depereti descended 
from gaudryi or, as such, reached Eurasia 
from Africa is uncertain. Progress here 
must await discovery of more complete 
materials in both continental areas. 

Compared to Onjeteropus, Myorycter- 
opus is precociously specialized for digging 
and, as Macinnes stresses, could not have 
been involved in the ancestry of the living 
genus. The fossorial features present in 
the fore legs of the latter arc l)y no means 
as pronounced as those of M. africanus. 
The known bones of the manus of the early 
Miocene form are relatively larger than 
those of O. afer, not to mention O. gaudryi, 
and Me. V is relatively long. Specializations 
apart, however, the structure of the fore 
limb is basically similar in Myorycteropus, 
Orycteropus and Leptoryeteropus. In the 
hind limb the femur and tibia stand some- 
what apart in structure from those of 
Leptoryeteropus and the living fonn. 

In summary, both the Onjeteropus and 
the Myorycteropus lineages trended toward 
acquisition of a fossorial habitus, but they 
did so in somewhat different ways at dif- 
ferent times, the Myorycteropus lineage 
going farther in tins direction at an earlier 
date, at least as regards the fore limb. The 
Orycteropus and Leptoryeteropus lineages 
may ho more closely related to caeh other 
than either is to the Myorycteropus one. 

As suffieiently emphasized above, PlesL 
orycteropus stands far apart from the other 



members of the family, so much so as to 
leave little doubt that its ancestry has had 
a long independent history. Mahe (1972: 
356) suspected that its predecessors may 
have reached Madagascar sometime in the 
Eocene, at about the same time as the an- 
cestral lemuroids arriv^ed there. I would 
agree.^ Evolution within the Plesionjcter- 
opus lineage has resulted in a terminal 
form so distinctive as to merit subfamilial 
distinction. This taxon may be defined — 
and contrasted with the Orycteropodinae — 
as follows: 

Plesiorycteropodinae subfam. nov. 

Skull with short facial region, no post- 
orbital process, glenoid articulation low, 
on ventrally directed process of squamosal. 
Sacrum with seven vertebrae, relatively 
narrow anteriorly and wide posteriorly. 
Humerus with deltopectoral area confined 
to proximal half of shaft and inclined 
laterally, supinator crest evenly decreas- 
ing proxiinally, medial epicondylc not 
greatly expanded proximodistally. Shaft of 
radius much compressed transversely, 
linea obliqua very salient. Ulna decreas- 
ing markedly in size distally, articulating 
only with cuneiform, olecranon long, 
straight. Metacarpals with keels of distal 
articulations limited to plantar surfaces, 
proximal ends of Me. II and Me. IV small, 
Mcs. IV and V not notably reduced in 
length relative to Me. II. Pelvis relatively 
short, ischium with veiy large tuber ischii, 
area of sacral attachment situated well 
forward, anterior to level of large, elongate, 
crested tubercle for M. rectus femoris. 
Femur with small head; well defined neck; 
large, high great trochanter; large second 
trochanter extending far medially, merging 
distally with center of shaft; third tro- 



^ He also suggested that the ancestors of 
Cnjptoprocta crossed at about the same time. Here 
I must differ and concur with those (e.g. Cooke, 
1972: 125) who regard as probable a late Oligo- 
eene or early Miocene date for the arrival of 
\iverrids in the island. 
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Figure 16. Suggested relationships of the known tubulidentate genera. 



chanter merging proxiinally with erest 
running from great trochanter; sliallow 
rotular groo\T. Tibia-fibula fused distally 
as well as proxiinally, distal articular 
surface short anteroposteriorly, proximal 
portion of tibia compressed laterally. 
Astragalus short proximodistally, ncek short 
and inclined medially, facet for internal 
malleolus of tibia large, foramen lacking. 

Sole known representative: Plesiorijcter- 
opus madagascariensis Filhol 1895; Recent 
superficial deposits, Madagascar. 

Figure 16 presents an interpretation of 
tubulidentate phylogeny that seems reason- 
able on the available evidence. The plesi- 
orycteropodines, be it noted, as descendants 
of waif immigrants from Africa, arc a 
splinter group from, not the ‘‘sister group” 
of, the Oryctcropodinae. 



ADAPTATION AND BEHAVIOUR 
Orycteropus afer 

The living aardvark is a nocturnal animal 
and hence difficult to observe, a difficulty 
compounded by its partially subterranean 
habits. Nevertheless something, although 
by no means enough, is known of its biol- 
ogy (Fitzsimons, 1920: 233-247; Frassati, 
1937; Bigoiirdan, 1950; Ilediger, 1951: 61- 
73; Wrheyen, 1951: 94-98; Urbain, 1954; 
Verschuren, 1958: 89-100; Rahm, 1961b; 
Kingdom 1971: 376-387; Pages, 1970). 

An inhabitant primarily of savanna grass- 
lands, although extending into forested 
(Rahm, Pages) and more arid areas, it is 
a powerful digger that constructs burrows 
in which the daylight hours are spent. 
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Verheyen records timt after a cold niglit 
an indixidual may siiii itself outside tlie 
luirrow during tlie early morning hours; 
aardwarks lack an insulating layer of sub- 
eutaneous fat. The temperature and luimid- 
ity within the burrow during tlie day are 
essentially the same as those at the surface 
of the ground during the night (Vensehu- 
ren). The animal digs a burrow with giaait 
rapidity, exca\aiting with tlu' fore feet and 
shifting the earth back by powerful move- 
ments of the hind feet and tail. An aardvark 
enters its burrow head first; accounts of its 
method of exit ^^ary. Bigourdan described 
it as first poking its head out of the en- 
trance, listcming and sniffing the air, then 
bounding a sliort distance and repeating 
the process, and finally bounding in a semi- 
circle around its hole before moving off. 
ffarroy (reported in Verschuren ) observed 
an individual emerging stern first, tlirash- 
ing its tail aliout and stirring up clouds of 
dust as it did so. When hard pressed within 
the Inirrow an aardvark can literally erupt 
out head first from a new opcaiing (Ver- 
schinen). Its fast gait is bounding but no{ 
rapid; Urbain so descrilied it, but he was 
apparently observing aardvarks dashing 
from one hole to another. Shortridgc' (1934: 
66) has stated that: “On suspicion of 

danger, the Ant-Bear — like the Pangolin — 
is in the habit of raising itself on its hind 
((uarters and gazing [sniffing, surely] 
around, sometimes even shuffling along 
in this position, balanced by its stout 
kangaroolike tail.” Fossati has obseiwed 
similar beha\ iour. 

Escape from mammalian predators — 
lions, leopards, hyaenas, dogs — is accom- 
plished mainly by digging, and the burrow 
also serves as a protection from grass fires, 
at which times aardvarks play host to a 
wide \aniety of unin^at(‘d guests, ranging 
from arthropods through frogs, lizards and 
snakes to tliose mammals who can enter. 
Fitzsimons wrote of aard\arks dealing ad- 
\a‘rsari(\s powerful blows with their slioul- 
dc'rs by nu‘ans of rapid and sudden turning 
mowments. Fingdon remarked that “ . . . 



whcai attacked by dogs it has l)een seen to 
turn a somersault. This (dfectively throws 
off the attackers, after which it proceeds 
throwing somersaults whenever touched.” 
Sometimes, he goes on to note, an aardvark 
will do this wlien only startled. Behaviour 
of these kinds would serve to gain time 
for digging. In an extremity it may, so 
Verheyen records, throw itself on its back 
and prepare to defend itself with all four 
fc(‘t.^ That this reaction is not universal is 
attested to by Fitzsimons who once ob- 
ser\ed an aardxauk attackc‘d by a leopard: 
‘The intended victim bunched its body up, 
and keeping its head out of harm's way 
between its front legs, it shook the Leopard 
off repeatedly, and actually dug itself into 
the earth and escape^d.” He furtlier remarks 

that in leopard infested districts “ 

sometimes the entire back is a mass of 
liealed scars inflicted by the teeth and 
claws of a Leopard.” Accounts of the thick- 
ness of the skin are surprisingly conflicting. 
Hc‘dinger describing it as thin — “ . . . je fus 
frappe par le minceur et la souplcsse dc la 
peau (pas de tout genre couenne!)” — and 
Fitzsimons going to the opposite extreme: 
“ . . . skin . . . thick, tough and fibrous, and 
the blade of pemknife will usually snap if 
an attempt is made to drive it through . . . 
For me, at any rate, the matter is set at rest 
by one of the earliest studies of the 
anatomy of Orijcteropns. Jiiger (1837: 12) 
descril)ed the skin ax “ . . . ul)crall sehr stark 
Lind an manchen stellen 1/' dick, iilmlich 
der der Pach\ dermc'n . . . ', and added, in 
agreement with an observation made over 
a cc'ntury later by Verheyen, “ . . . sie war 
dureh c'in diinne Lage sehr dichten 
Zellgewebes mit dc‘in Ilaiitmnskel verbun- 
den.” 

It has been reported (Verheyen) that 
aardx^arks in the course of their nightly 
wanderings are capable of covering dis- 
tances of between 10 and 30 kilometers, and 



^ KiiiL^don, but no one else, states that it will 
stand ert'Ct and strike; at an ad\'ersaiy with the 
t'laws of till* fort' leet in the manner of the 
nixrinecophagids. 



Fossil Aardvarks • Patterson 219 



may return to a former burrow or eonstruct 
a new one at daybreak. The animal is fully 
capable of swimming. Aardvarks. espe- 
cially the males, are solitary for parts of 
their lives. Males and females consort in 
the same burrow during the mating season 
and the one (rarely two) young remains 
with the mother for six months or so after. 
Smell and hearing are the dominant senses. 

All accounts agree that the primary food 
of aaixh'arks in the wild consists of termites 
and, to a much lesser extent, of ants, al- 
though, in common with other inyrmc- 
cophagous mammals, they vary their diet to 
some degree (p. 226). O. afer exploits the 
large ground termite nests that form so 
conspicuous a feature of the tropical Afri- 
can landscape, its area of distri])ution, 
according to Grasse (in Pages), almost 
exactly corresponding to that of the Macro- 
termitinae. Aaixhxirks make excavations 30 
cm. wide and 40 deep in the sides of the 
hills, and may drive even deeper holes into 
the interiors ( Verschuren), to a depth of 
3 meters or more (Pages). According to 
Bigourdan, the aaixlvark rotates its visits to 
nests, following a circuit of 2 to 4 kilo- 
meters around its burrow and visiting in- 
dividual hills at intervals of 5 to 8 days, 
thus allowing the colonies, whose powers 
of recuperation are immense, a rest be- 
tween raids. As he observed, the relation- 
ship is amusingly reminiscent of that of a 
bee keeper to his hives. PagGs, on the 
other hand, reports destruction of nests due 
to repeated visits. 

On the evidence there can be no doubt 
that O. afer is a well-adapted, fully com- 
mitted mynnecophage. The several extinet 
species of the genus in all probabilit}^ 
resembled it in most beha\4oural n'spects, 
at least their known hard parts strike no 
discordant note. Within the genus there 
was certainK^ an inerease in the digging 
capability and there may ha\x" been some 
increase of the olfactory sense. As befits 
an animal apparently capable of detecting 
fruits and grubs 30 cm. or more under- 
ground, O. afer is highly maerosmatic. It 



has 10 endoturbinals (including the naso- 
turbinal)b the highest number recorded in 
the Maininalia, and richly developed 
ectoturbinals, which, again, are more com- 
plex than in other mammals (Coupin, 1926). 
The sinus system within the skull is ex- 
tensive, with all components except the 
sphenoidal intercommunicating to form 
what Coupin calls the “sinus generale”, 
into which the ectoturbinals extend. In O. 
gaudnji the ethmoidal area and the “sinus 
gentTale” are less expanded than in afer 
(cf. figures in Colbert, 1941, especially 21). 
O. depereti, to judge from Ilelbing’s 
figures, is somewhat more advxmced than 
gaudnji in these respects, which suggests 
that the turbinal .system, especially the 
ectoturbinal portion, was enlarging. 

To what extent may the extinct genera 
ha\x^ resembled Orycteropus? Before tak- 
ing up the question, the nature of the 
inyrinecophagous adaptation requires con- 
sideration. 

The Myrmecophagous Adaptation 

Ants first appear in the fossil record in 
early late Cretaceous time and termites in 
thc‘ mid-Cretaceous; since the earliest 
known termite, a hodotennitid, is not a 
member of the primiti\x‘ family Masto- 
termitidae the origin of the order obviously 
goes back to an earlier date (Wilson, 1971: 
31, 105-8). The colonics of numerous ter- 
mite and of some ant species are enormous, 
with individuals numbering in the hun- 
dreds of thousands and even millions (Wil- 
son, 1971: 436-9). The highly successful 
radiations of these two great groups of 
social insects, which approximately coin- 
cide with those of metatherian and euthe- 
rian mammals, have made available rich, 
concentrated sources of food. Among the 
vertebrates, numerous omnivorous, insectiv- 
orous and carni\ orous forms take ad\'an- 
tage of this resource, the majority of them 



^ Weber (1904: 416) reported 11 and Le Gros 
Clark (1926) 9; Coupin found 10 in each of 
twelve specimens. 
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opporhincly 1)V taking foragea’s or alates 
during nuptial fliglitsd To penetrate to the 
interiors of tlie eolouies, to tap tlie riches 
at tlieir source and to depend upon them 
as tlie major articles of diet — in other words 
to become a fully committed myrmc- 
cophage — requires the evolution of special 
equipment. 

The nature of this ecpiipment has been 
admirably summarized by Griffiths (1968: 
230-246). In brief, in eutherian mammals, 
it consists of a very extensible, vermiform 
or ribbonlike tongue lubricated by sticky 
secretions from greatly enlarged salivary 
glands, a higlily developed olfactory sense, 
a stomach with a veiy muscular pyloric 
area that acts as a “gizzard'' for grinding 
the food, and limbs of fossorial type to 
breach the walls of nests. In the echidnas 
there is no specialization of the pyloric 
area, the food being ground by the spiny 
base of the tongue acting against spines on 
the palate. As usual when convergent evo- 
lution is involved, the adaptive complex has 
been attained in somewhat different ways 
in the several rnyrmecophagous groups, but 
th(‘ function of the whole is similar 
throughout. It is a device for the rapid 
transfer of small prey to the stomach in 
large cpiantities — Griffiths (1968: 40) re- 
ports that an “echidna of al)out 3 kg. 
weight can ingc\st 200 g. wet weight of 
termites ... in a matter of 10 min." 

Teeth are superfluous to the adapta- 
tion. With the conspicuous exception of 
Orycteropus, fully committed myrmecopha- 
gous mammals ha\'e either lost their teeth 
entirely (echidnas, pangolins, myrmccopha- 
gids) or have reduced them grc^atly 
{Stcgothcrinm and, probably, Plcsionjcfer- 
Ojjns and the myrmecophagoiLS palaeano- 
dout Fatriomanis — Emry, 1970: 468). The 

^ Once, 1‘oiincling a corner in Tnrkana, I came 
upon a lowering termite hill in full nuptial erup- 
tion at midday. Gathered about was a variety of 
birds, ranging, to my surprise, up to hawks and 
eagles, all eagerl>- feasting on the temporary 
bounty i:>rovided l)y the myriads of alates on the 
ground in the vicinity of the nest. 



masticatory musculature in these forms is 
accordingly much reduced, with ac- 
companying reduction of the temporal 
fossa, postorbital process and, iii some 
cases, the zygomatic arch. The ramus of 
the jaw becomes diminished to a straight or 
nearly straight rodlike structure with little 
or nothing by way of an ascending portion, 
and the condyle and glenoid articulation 
are in one way or another brought down 
nearly or completely to the level of the 
palate. This combination of osteological 
cliaractcrs (cf. Anthony, 1929), together 
with a median groove in the bony palate 
(not present in mynnecophagids), pennits 
ready recognition of any extinct myrmeco- 
phage possessing it, Init it must be observed 
that on these criteria one could not be 
sure that Orycteropus was a committed 
myrmecophage were it known only in the 
fossil state. The genus has fully functional 
molars and posterior premolars and a high 
ascending ramus, which resembles, as 
Freclikop (1937:18) has noted, that of the 
camels; it stands in striking contrast to 
PJesiorycteropus with its rather pangolin- 
like jaw artieulation. This very curious 
anomaly is discussed below (p. 226). 

There would appear to be at least two 
avenues of approach to full myrmccopha- 
gous specialization: either from fairly 

generalized inscctivorous-carnivmrous an- 
cestors or from insectivorous-omnivorous 
ancestors with moderate to marked fossorial 
adaptation. In either case an increasing 
dependence on termites and ants for food 
would have provided the base for further 
specialization. (An ability to extend the 
tongue and to scrateli or scrape earth — the 
essential requircanents for a beginning — 
are of course cliaracteristic of terrestrial 
mammals generally.) Certain living forms 
illustrate these approaches. 

Myrmecohius fasckitus, the numbat 
(Fleay, 1942; Calaby, 1960), is an example 
of the first. Termites constitute its main 
diet, with ants forming about 15 percent; 
Calaby suspt'ets that most of the latter, 
togetlua’ with the very small beetles whose 
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remains arc sometimes found in tlic scats, 
are taken together with the' termites. The 
animal . appears to swallow its food 
without chewing,” (Calaby). Fleay ob- 
sciwed that a captive specimen did chew 
large tennites, but Calaby notes tliat such 
species do not occur within the nnmbaFs 
present range. Concordant with this de- 
gree of dietary specialization, the tongue 
can be extended for approximately 100 mm. 
(condylobasal length of skull 54.0 to 58.3 
mm. — Tate, 1951), the facial region is 
elongated, the palate is long, unfencstrated 
and grooved medially, the mandible is 
moderately, although not extremely, re- 
duced and the cheek teetli, evidently little 
used, are notorious for their variability (as 
Calaby remarks they seem to be escaping 
from selection pressure). On the other hand 
the stomach displays no modification in the 
pyloric area and the limbs lack fossorial 
specializations other than some enlarge- 
ment of the fore claws (Griffiths). The 
numbat seeks its food by scratching in the 
upper few inches of the soil or by turning 
o\'er pieces of wood. It does not attack 
nests except to scratch in their upper sur- 
faces when these have been softened by 
rain. Grinding of the food in the stomach 
is no doubt aided by coarse sand ingested 
with the prey.^ Mynnecobius is an animal 
in transition — an ‘'amateur antcatcr” in 
Griffith's words — tliat could be on the way 
to full commitment, or “professional” 
status. It has attained a morphological 
threshold at which any genetic changes 
leading to pyloric thickening, further fos- 
sorial specialization, etc., would be selec- 
tively ad^^antageous. 

The aardwolf, Proteles cristatus, has also 
gone some distance along tlic route to 
myrmccophagy. It subsists \^cr\^ largely on 
harvester termites (Trinervitermes), al- 



^ This naturally happens with, any terrestrial 
m>Tmecophage hut grit is not essential to com- 
minution in the fully committed ones with ‘"giz- 
zards”, as is shown by the fact that small pebbles 
are only rareh^ encountered in the stomachs of 
the arboreal forms that attack colonies of tree- 
nesting termites. 



though other insects, carrion, small verte- 
l)rates and \^^getable food have also been 
recorded as items in the diet (Ewer, 1973: 
204, 205). The small, peglike cheek teeth 
are reduced and variable in number 
and display little wear in specimens avail- 
able to me. Stomach structure is consistent 
with this reduction, the walls being “very 
thick and muscular, especially towards the 
pyloric end” (Flower, 1869:486). For the 
rest, Proteles would seem to be less modi- 
fied in response to myrmccophagy than 
Myrmecohius. The tongue is apparently 
not notably protrusile. Rather surprisingly, 
in \4ew of the greatly rc'duccd cheek teeth, 
the lower jaw is strongly built, with a high 
coronoid process, and the postorbital 
process is prominent. The canines, how- 
ever, are large, somcwdiat peccary-like teeth 
that develop extensive mntnal wear sur- 
faces. As Ewer has suggested (p. 60), re- 
tention of a strong masticatory musculature 
and associated bony structures may be 
related to use of these teeth, perliaps for 
defense — and, it may also be supposed, for 
killing small ^Trtebrates. The feet arc not 
adapted for proficient digging — there is 
less disparity in size between the iingnals 
of the fore and hind feet than in Myrme- 
cohius — and the animal is not able to open 
termite mounds ( har\x'Ster termites, the 
principal food item, forage \'cry extensively 
on the surface of the ground and are hence 
readily accessible).^ 

Examples of the second and, I suspect, 
more usual avenue of approach are pro- 
\4ded by the armadillos, a family that had 
e\'ol\'ed a fiilK' committed myrmccopha- 
goiis representative, Stegotherium (Scott, 
1903: 12-40; 1937: 680), by early Miocene 
time. The Dasypodidae are in the main 
fossorial and omnivorous, and ants and 



^ In its retention of strong canines and relatively 
robust mandible Proteles resembles the Eocene 
paiaeanodont Metoeheiroinys. The latter and its 
relati\ e Palaeanodon have median palatal groo\^es, 
which suggest possession of extrusible tongues, and 
their check teeth are greatly reduced. These 
fossorial forms may have subsisted to a consider- 
able degree on termites. 
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tcrmitc\s are known to l)e eaten l:>y some of 
tlu'in. Tlie only species wliose food lial)its 
lia\ c' l)een studied in aiu' detail is Dasi/piis 
novcmciuetiis. From field observations and 
anaK'ses of the stomacli contents of 169 
indi\a‘duals collected owr 10 months ot the 
year in Texas, Kalmbach (1944: 15-18, 23- 
50) found that 488 spc'cies contribut'd to 
the diet. Animal food a\a'i*aged 93.3^ ^ of 
the stomach contents, xx'getable food 2.1% 
and \cgetable debris, presumably ingested 
with the prey, 4.6 '^7*. In\ ertebrates a\X'r- 
aged and vertebrates 1.65%, with 

insects forming 77.6%, arachnids and 
myriapods 7.9^ < , and miscellaneous in- 
\ertebrates (worms, molluscs, crayfish) 
6.2^ r. Beetles, 41.6'^f , form the major 
article of diet, with one family, Scarabei- 
dae, contributing 27.9 A' to the whole. 
Jlynmnoptera, mainly ants, form 14% and 
termites 4.57% Enormous numbers of ter- 
mites and ants may be taken, however. One 
stomach contained ‘"at least 40,000 ants of 
several species” and anotlier “some 13,000 
termites.” The vegetable food consists of 
fruits, berries, mushrooms and seeds, al- 
though SOUK' of the latter may have been 
ingested accidentally; Kalmbach remarks 
(p. 52): “Field observations indicate that 
under some conditions armadillos may sub- 
sist on N^egetable matter to a far greater 
extent than has been disclosed by stomach 
examination.” Among the vertebrate food 
it('ms are salamanders, frogs, lizards and 
their eggs, small snakes and snake’s eggs, 
\()ung birds and In'rd’s eggs, young rodents 
and rabbits, and carrion. “Small insects are 
swallowed whole and unnmtilated and 
many of the larger but soft bodi(‘d creatures 
such as cutworms, c'arth worms and some 
be('th‘ larvae are handk'd ii] the sanu‘ man- 
ner. Larger hard-shellc'd insects, and sala- 
manders, lizards and batrachians are 
snbjectc'd to a clu'wing process, and their 
remains in the stomach usually are muti- 
lated if not dismembered. Vegetable items 
including berric's and mushrooms are sub- 
jected to eonsid(‘rable mastication before 
being swallowc'd” (p. 18). Young rabbits 
are “ . . . killed and mutilated by thriusts 



of the . . . front teet . . . actual eating was 
accomplished by continued chewing until 
the food was softened and torn enough 
to be swallowed” (p. 44). Eggs if small 
enough are taken entire and cnished in 
the mouth; if too large they are broken 
by the claws and the contents lapped up. 
The percentages of the x^arious prey groups 
that make up this highly varied diet 
change with the seasons — and no doubt 
over the range of the species. In the 
tropics D. novemeinctiis proliably consumes 
a higher percentage of termites, although 
data are lacking. 

The scattered and scanty information 
availal)le on the diets of other armadillos 
reveals food items similar to those recorded 
for D. novemcinctus, e.g., beetles, termites, 
ants, maggots, caterpillars, worms, small 
snakes, carrion, vegetable matter, etc. 
Dasijpus and Cahassoiis do dig for ants 
and termites (Kalmbach; Ingles, 1953: 268) 
and take them xvith their moderately cx- 
trusible tongues. The salivary glands extend 
back along the underside of the neck 
(Kiihlhon), 1939: 81). The pyloric areas of 
the stomachs of Da^si/pus, EupJiractus and 
T^olijpcutcs are known to be somewhat 
thickened (Owen, 1831: 142, Kalmbach, 
1943: 28-29; Owen, 1832: 155; Murie, 1874: 
86), although evidently not to the extent 
seen in a committed myrmcchophage. 
Nevertheless, such thickening would aid in 
the comminution of prey items swallowed 
whole and in the further reduction of those 
chewc'd. The arrangement in fact exempli- 
fies the essential l:>ase from which, in 
('utherians, the transfer of the grinding 
function from the teeth to the pyloric 
“gizzard”^ could progressively proceed. 



^ A highly ninscnlar i)\’lorus is not confined to 
in> n}]ccophagons forms among the Mammalia, 
although, apart from them, it is very rare. Boker 
( 1937: 177), who calls stomachs of this t^ie 

Kaiimagen, records them as occurring in certain 
s(inid eating odontocetes and in Dngong. Such a 
stnictnre is also present (Davis, 1964: 207), in 
conjunction with vcr> large, crushing cheek teeth, 
in the Chant Panela, Ailuro))oda mclanolcuca, 
wliich feeds on bamboo shoots. 
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None of tliese tliree armadillos is committed 
to myniK'cophagy to any great extent — 
much of their food is chewed, their jaws 
are not reduced, their glenoid articulations 
are rather high on the skull, and their teeth 
do not exhibit the marked variability that 
accompanies loss of function. Nevertheless 
such forms as Dcmjpus, Cahassous and 
Toll/ pent es would appear to stand poised 
near the beginning of the road to it. 

The living species that seems to have 
gone farthest toward myrmecophagy is the 
giant armadillo, Priodojites ttiaxinius. Little 
is actually known of its feeding habits. 
Accounts of stomach contents record cater- 
pillars, beetle larvae, maggots and worms 
(Kappler in Heck, 1920: 520), but the 
animal is rc^puted verschiedencr 

Beobachter berichten . . . — Kiihlhorn, 

1939: 59) to be very partial to termites. 
Several anatomical features are to an extent 
consistent with this. The animal is a very 
powerful digger that constructs burrows; 
as such it could make short work of termite 
hills. The tongue is vermiform and can be 
extruded for a considerable distance — 
Kiihlhorn found that in a recently dead in- 
dividual it could be pulled out some 160 
mm (length of head 172-200 mm — Krum- 
biegel, 1940: 54) ; the salivary glands extend 
back to the sternum. Nothing is known, 
apparently, about stomach stmeture; it 
would be interesting to learn if the thicken- 
ing of the pyloric area has gone beyond 
that (meountered in other armadillos. The 
glenoid articulation is low on the skull, not 
as low as in the Miocene Stegothenum but 
lower than in other li\ ing armadillos, and 
the posterior portion of the mandible has 
undergone some reduction. The numerous 
teeth, small in proportion to the size of the 
skull, are highly variable in number; in the 
upper jaw thc’y fluctuate between 14 and 
20 on a side and in the lower between 17 
and 2H ( Kiildhorn, 1939: 76). Like those of 



^ I doubt if the acquisition of so great a number 
of teeth was in any way associated with myr- 
mecophagy. Better knowledge of the behaviour 
and food habits of Priodontes, which has no fossil 
record, may pixnide a clue to their function. 



Myrniccohius, they may be escaping from 
selection prt'ssure. As Kiihlhorn concluded, 
the giant armadillo stands part way be- 
tween the omniv^orous Dasijpus, Cahassous 
and Tohjpeutes and the fully specialized 
myrmecophagous xenarthraiis. (Sfego- 
therinm, one of these, is relatcxl to Dasypns, 
wliile Priodontes is allied to Cahassous and 
Tohjpeutes — [Patterson and Pascual, 1972: 
265, fig. 6].) The animal is an “amateur” 
antcatcr to about the same extent as the 
numbat despite the differtmt routes the 
two ha\'c' followed and the diffcaxait de- 
grees of specialization each has attaim^d in 
one component or another of the adapta- 
tion. 

The Extinct Orycteropodid Genera 

Turning to what can reasonably be re- 
constructed regarding the adaptations of 
tlie extinct aardvarks, it can be said at once 
that Leptorycteropus was not specialized 
for m\ rmecoj^hagy. What is known of the 
structure of the skull rex^eals nothing of the 
osteological combination associated with 
that method of feeding. The temporal fossa 
and postoi'bital and jugal processes are rel- 
ati\'ely well de\c4oped, the palate is not 
grooved, the mandible has an extensi'/e, 
firm sympliysis, and a rather large canine 
is present, together with a full complement 
of cheek teeth. The limb bones indicate 
an animal capable of digging but not 
highly specialized for it; Leptorycteropus 
may ha\e dug its own burrows but was 
certainly not as proficient as Orycteropus 
in doing so. Like Dasypus, it may, in addi- 
tion to going to ground, have escaped its 
enemies by ([uiek dashes into dense thick- 
ets. A thick and tough hide, supposing this 
to lia\ e been common to the order, would, 
like thc‘ armadillo carapace, ha\'e protected 
it from plant spines and thorns. The im- 
pression comx'yed is of an omniv^orous form 
that was a faster runner than the living 
species. Like other omniv'ores it no doubt 
ate termites and ants, but was not depen- 
dent on them to a major degree. 
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Since Leptoryeteroptis had tlie character- 
istic tubulidentate tooth structure I would 
judge tliat acquisition of tliis had uotliiug 
to do with myriuecopliagy. Like tlie dental 
struetiire of the Xenarthra it may have 
eM)l\X'd early in the Tertiaryd 

Myorycteropus was as far ahead of O. 
afar in fossorial adaptation as Leptonjeter- 
opus was behind it, at least as regards the 
fore limb. The peh is and hind leg bones 
arc‘ not as robustly constructed as tliose of 
Ovyeteropus (Figs. 12-13), which suggests 
that the hind legs and tail were not as 
much employed in digging. In all prob- 
ability it constructed burrows. It was 
beyond any doubt perfc'ctly capal)le of 
attacking termite and ant nests, but its 
degree of commitment to myrmecophagy is 
at present impossible to assess. Nothing is 
kiKnvn of the skull other tlian a maxillary 
fragment, and this is not complete enough 
to ]-e\^eal whether or not a median groove 
was present on the palate. The ascending 
ramus of the mandible slopes posteriorly 
considerably more than does that of 
Ovyeteropus and the condyle is lower. On 
this \^ery scanty evidence one might suspect 
that Myoryeteropus was some way along 
the road, but tliere can be no certaint}' on 
this. The jaw, dentition aside, is not as a 
whole very different from that of Dasypus, 
and there is nothing to indicate that tlic 
diet of Myorycteropus could not have been 
comparably div('rse. Only if remains of 
possible desct'udants are found in later 
Miocene or Pliocene deposits will it be 
possible to determine whether or not a 
trend toward marked reduction of the jaw 



^ The teeth of these two groups are often spoken 
of as degenerate. As far as loss of enamel is con- 
eerned this is true, but, as Rose (1892: 508), for 
one, has emphasized, in losing it the>' have at- 
taiu(‘d u(‘\\’ orders of specialization, invohing 
h>pselodonty and modifications of the dentine. 
()u(‘ ad\antage of such teeth, which are well 
suited to herbivorous, omnivorous and inseetiv"- 
orous diets, is that they can rapidly adjust to 
the jaw movements of indi\iduals, as may be 
()bser\ ed in ad(‘quate series of various ,\(‘uarthrans. 



and (‘limination of the' dentition \vas under 
way in the lineage. 

There is much less uncertainty regarding 
the diet of Vlesiorycteropus, Alone among 
tnl)ulidentates, it displays cranial cliar- 
acters associated with a definite commit- 
ment to myrmecophagy, of which the most 
significant is the carrying down, somewhat 
in the pangolin manner, of the glenoid 
articulation on a descending zygomatic 
process of the scpiamosal. This implies that 
the posterior portion of the ramus was 
much reduced and the teeth diminislied or 
perhaps lost entirely. Whate\^er the factor 
or factors that operate' to maintain the size 
of the mandible and the persistence of 
fully functional teeth in Orycteropus may 
be (see below), they were not involved in 
the evolution of the Malagasy form. 

The leg Ixmes differ in numerous re- 
spects from those of orycteropodines (Figs. 
10-13) and exhibit points of similarity to 
those of other groups, especially to arma- 
dillos — and within that family to Dasypus. 
Tlie similarities to this genus, ^ which in- 
clude tlie general structure of the humerus, 
the long and straight olecranon, the relative 
lengths of the fore and hind leg bones and 
the general structure of the' femur and the 
tibia-fibula, are striking. Plesiorycteropns 
was certainly capable of digging and hence 
of breaking into nests. In one character, 
the tapering distal end of the ulna, it differs 
decidedly from both armadillos and oryc- 
teropodines, blit agrees well enough with 
other accomplished diggers, such as Phas- 
colomis and Marmota. The very high great 
trochanter of the femur common to both 
Dasypus and Plesiorycteropus is a very 
interesting point of resemblance. Marked 
elevation of the trochanter above the head 
of the femur is a character encountered in 
\ arions mammals that are proficient jump- 
ers and in which the main propulsive' force 
is su]Dplied by the hind legs — the higher the 
trochanter the more* rapidly contraction of 

^ The l)oncs figured as D. uovcmcinctiis by 
iMiiiy ( 1970) are not of that species but of 
Kuphraci us sexcinctus. 



Fossil Aardvarks • Patterson 225 



M. gluteus medius can act in extending the 
femur (cf. Smitli and Savage, 1956: 612- 
613). The very large size of the M. rectus 
feinoris origin may also be interpreted as 
indicating jumping abilities (ef. Gazin, 
196S: 63). Kahnbaeh recorded that D. 

novoucinctiis frequently jumps upward 
wlien disturbed. Tliis is a useful defensive 
reaction. 1 have seen, in motion pictures 
taken in the Venezuelan llanos under the 
direction of Dr. R. Marlin Perkins for the 
television series “Wild Kingdom”, two 
individuals of D. novcmciuctiis being 
harassed by a couple of bush dogs (Speothos 
ceuaticus) . The armadillos were paying 
little attention to them, but whenever tlie 
activities of the dogs became too annoying 
they would jump straight up, spilling their 
tormentors. In more serious situations such 
behaviour would gain time for a dash to 
safety — and Dcmjpus is capable of good 
bursts of speed o\ er short distances ( Roose- 
velt, 1914: 85). A capacity for jumping no 
doubt also ser\x^s Dasypus well in the 
course of its daily rounds.^ I suspect that 
much of the behaviour of Plesiorycteropus 
on the ground was similar to that of the 
armadillo. 

At all localities yielding its remains 
Plesiorycteropus occurs togetlier with \^ar- 
ious lemurs, some of which are or were 
arboreal. At least one of these localities, 
Ampasambazimba, was situated in a 
densely forested area at the time the sedi- 
ments there were deposited (Tattersall, 
1973a: 10-16, 24). Could Plesiorycteropus 
have been at least partially arboreal, as 
Lamberton (1946: 47), in describing the 
unguals, seems to have tliought? Simpson 
(1931: 315-319), calling attention to osteo- 
logical characters possessc‘d in common by 
various fossorial and arboreal mammals, 
pointed out that a shift from one habitus 



^ And in itnusTial situations too. Once, while a 
guest in a household that included two partially 
grown D. noveincinctus, 1 heard a clatter one 
morning and on investigating found that the pair 
had jumped up on the dining room table where 
they were happih consuming the breakfast. 



to the otlier could readily occur. Certain 
living rnyrmecophagous mammals ex- 
emplify this. Among both anteaters and 
pangolins intermediates between one habi- 
tus and the other exist. Tamaudua is both 
arboreal and terrestrial, attacking tree and 
ground termite colonies, while Mynnecoph- 
aga is terrestrial and Cyclopes arboreal. 
Of the manids, Pluitaginus tctradactyla and 
P. tricuspis are primarily arboreal, excellent 
elim1)ers that sleep in trees (Pages) while 
otlier species sleep on the ground in bur- 
rows or holes. Of these, F. gigantea is 
almost exclusively terrestrial, but some, 
e.g., F. teiftmincki and Mauls pcntadactyla, 
are also capable of climbing and of at- 
tacking tree colonies (Rahm, 1961a). There 
is nothing in the known parts of Plesioryc- 
ter opus that would rule out a similar 
capability. The humerus resembles that of 
the arboreal phal angers as well as that of 
Dasypus, The lack of expansion of the 
distal end of the ulna would be consistent 
with, although not necessarily evidence of, 
climl)ing habits. The rather shallow cruro- 
tarsal articulation, together with the shape 
of the astragalus and the medial extent of 
its navicular facet (cf. Phascolarctos), sug- 
gest a foot less confined than those of 
orycteropodines to mo\ ements in the sagit- 
tal plane. Fusion of tibia and fibula is no 
bar to arboreal lialiits (ef. myrmeeopha- 
gids), and an alulity to jump would be 
advantageous. The termite fauna of 
Madagascar includes tree as well as ground 
nesting species (Paulian, 1970: 289-290); 
Plesiorycteropus could have taken advan- 
tage of both. It may well have been the 
most versatile of the aardvarks. 

The tubulidentates were evidently more 
\^aried in adaptation and behaviour than 
has been supposed. As eoneerns the loco- 
motor apparatus the order included forms 
botli 1 ess and, in the fore limb, more fos- 
sorial than the li\ing representative and 
onc‘ that seems to ha\'e been partially ar- 
boreal, As regards diet, at least one and 
possilily two \\x‘re omni\^ores, and two 
otherwise differenth^ adapted lineages in- 
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depeiidcMitly evolved to full myniu‘copha- 
gous eoiniuitinent, eaeh, I suspeet, via the 
sc‘cond or “annadillo route” to that special- 
ization. It begins to appear that aardvarks 
played rok\s in Africa and Madagascar 
analogous to those of tlic armadillos and 
antcat(‘rs in South America. (Pangolins, 
on the other hand, may ha^’e l)een more 
circumscrib(‘d b\' an early commitnient to 
myrmecophagy, but their fossil rc’cord is 
unfortunately too scanty to throw mucli 
liglit on the matter.) During the early 
Tmtiary tubulidentates were perhaps more 
numerous and diversified tluui during the 
later. Earlier they would have cncounterc‘d 
little eompetition in the omnivore zone, 
and tlieir only mammalian predators then 
were hyaenodontid creodonts in Africa. 
With the arrival of the Carnivora around 
the end of the Oligoccaie they would have 
b(‘en faced not only with new predators 
but in all likelihood with direct competition 
as well. A number of the smaller Carnivora 
of present day Africa are insectivorous- 
omnivorous, and some are fossorial in addi- 
tion (ibgalke, 1972: 161-166); conditions 
in the later Tcrtiar)’^ ma\^ wc^ll have bc'cn 
similar. 

The Retention Of Functional Teeth 
in Orycteropus 

Thc‘ intriguing c[uestion as to why 
Orycteropus, alone ajnong committed 
myrmecophagous mammals, should possess 
fully functional clicek tec'th and a liigh 
ascending ramus remains for consideration. 
The masticatorv musculature (Edgeworth, 
1924; Sonntag, 1925: 339-340; Frick, 1951) 
is of the sort usual for tlu' kind of jaw 
possessed l)y the animal. In the ade([uately 
known extinct sp('cies four or five ante- 
iiiolar teeth are present; in O. afer the more 
anterior of tliese drop out as growtli pro- 
eeeds, but tlu^re is no rc'duction of the 
mor(‘ posterior teeth. On the contrar\^ 
th(\se are similar in size to or even larger 
than those of the extinct species (see 
measiiKMuents iii Colbert, 1941: 322-3). 

Th(‘y display none of the extreme \ari- 



ability associated with a dentition on tlie 
decline. Tluar retention, together witli the 
structure' of the posterior portion of the 
mandible, is surely related in some way to 
diet. 

Other than termites and ants very little 
in the wa\^ of animal food has been re- 
corded. Fitzsimons mentions “locusts and 
other odd insects”, Frassati, scaral)aeid 
larvae, and Mitchell (1965), “beetles and 
other insects.” Kingdon reports that “locusts 
arc occasionally eaten”, larvae are taken 
in epumtity, “over 40 scarabacid pupae 
eaten in a single night were found in one 
stomach,” and “there is a single report of a 
mouse being taken.” The teeth of O. afer 
arc no doubt cmployc'd in the comminution 
of some of these, but to judge from other 
myrmecophagous mammals they would not 
be essential — the pyloric “gizzard”, which 
Ls well developed (Jager, Sonntag, Allison, 
1947), could pc'rform the task without 
them. Pangolins, for example, are known 
to eat adult Ix'etles,^ and captive specimens 
of Manis peutadactyla have eaten mice and 
young rats, whicli were “sucked in whole- 
sale . . . tliere seemed to be no endeavour 
or need to chew” (Adam, 1932). Unless 
the aard\^ark’s animal diet is far more 
varied than all reports indicate the expla- 
nation does not lie here. 

The only possible clue is provided by a 
\^egetal)le item in the diet. O. afer is known 
(Verheyen, 1951: 96-97: Mceuse, 1962: 62- 
63, 1963; Mitchell, 1965; Leakey, 1969: 113) 
to cat tlie fruit of a cucurbitaceous plant, 
Cucumis huniifructus Stent, called in South 
Africa the “aardvark-cucumber.” So close 
is the association between the two species 
that Mceuse has described it as symbiotic 
to some degree. The recordc'd distribution 

^ Pages records them in seats of Phataf^iiius 
<Xmanteus, and Leakey (1969: 122) has a delight- 
ful note of a Teinininek’s pangolin s(iuatting par- 
tially submerged on the shore of Lake Victoria 
and floating its sticky tongm^ out on the surface 
of th(* water to trap bt'ctles (presumably Cyrini- 
dae) swimming there. 



Fossil Aardvahks • Patterson 227 



of the ciiciirhit — South Africa, South West 
Africa, Rhodesia, Zambia, Tanzania and 
Zaire (Republic of tlie Congo) — coincides 
witli tliat of the aardvark, and the plant is 
“almost exelusi\xdy found near old ant-bear 
holes’ (Meeuse). Alone among the Cueur- 
bitaccae, C. hiuuifructus is geoearpic, the 
globose fruits, 5 to 9 cm in diameter, being 
developed at the ends of long peduncles 
that penetrate the ground to a depth of 30 
cm or more (Meeuse). Loose soil is essen- 
tial, for the peduncles, if damaged during 
growth, do not bear fruit; such soil is 
present around aardvark workings. The 
numerous seeds, or some of them, at any 
rate, pass through the animals alimentary 
tract undamaged. Aardvarks bury their 
feces in holes about 10 cm deep, frequently 
in the earth exca\^ated from their burrows, 
and the holes are carefully filled in (Ver- 
heyen). The seeds are thus planted in suit- 
able soil enclosed in a packet of manure. 
Passage of the seeds through the animal 
may facilitate germination, Meeuse ha\ing 
noted “that it is wry difficult to get seeds 
of C. hinnifructiis to germinate in contra- 
distinction to those of other species of the 
genus Ciicumisr He goes on to state “that 
the aard\ ark is, for practical puiqioses, the 
most important if not the only dispersing 
agent of the seeds.” So great a degree of 
speeialization and of dependence on the 
part of the plant argues for a long history 
of its evolving association with the animal. 

The advantage to the plant seems evi- 
dent, but for such a relationship to come 
into being the benefits should be recipro- 
cal. Since aardvarks are \'ery partial to the 
fruits and acti\Tly exca\ate them (\Tt- 
heyen) some attraction ob\iously exists. 
The pulp of the fruit “is a very juicy some- 
what gelatinous soft substance with a 
faintly sweet cucumber taste and no ap- 
preciable flavour.” For this reason Meeuse 
doubts that the fruit is eaten for taste or 
flavor if aardvark and human palates are 
comparable (wdiich they may not be; for 
example, I do not find termites obnoxious 



although I would not care to subsist on 
them). Tluae ma\^ perhaps be a nutritional 
ad\^antage since some cucurbits are knowai 
to be rich in xarious vitamins, but C. 
Junuifriictiis has apparently not been in- 
\T\stigated in this connection. Meeuse and 
Leakey have suggested that the fruit is a 
source of wxater. This would be decidedh^ 
beneficial cwn if nothing else wais gained 
by eating it. O. afer has been observed to 
drink (\TTheyen), but its range includes 
areas, such as tlu' Kalahari, with prolonged 
dry seasons. The fruits of C. hiiniifnictiis 
arc' protected against desiccation by a w^axy 
co\x'ring. Such a resource wajuld permit 
aarcRarks to penetrate regions rich in ter- 
mites that might otherwise be denied to 
them. Leakey’s observations are to the 
point hc're: ‘The first seven specimens we 
studied [in 1945] included the seeds of a 
wild cueumber that grows underground. 
Wo set to \vork to find a reason for this. 
Some of our staff members locatc'd an area 
with se\X'ral aarch ark burrows and a single 
waiter hole. Each morning for a number of 
w eeks they studied the night traeks leading 
to this waitc'i* hole', and never saw^ any trace 
of an aarcb^ark going to waiter. Apparently 
the aarchairk often meets his needs for 
licpiid by eating wild cucumbers.” 

Do aarchairks emplo\’ their cheek teeth to 
break up the fruit? I suspect that they do, 
although the only piiblislied account wa^uld 
suggest otherwise. Verheyen reportc'd that 
one of his Congolese assistants, F. Kibwx', 
informed him that the fruit was broken by 
pressure of the muzzle and the contents 
licked up by the tongue (“font sauter la 
capsule en la pressant a\a'c la pointe du 
museau, pour ensnite a kaide de la languc, 
la \ider completc'inent"). In ^icAv of the 
wairiness of aarchairks and their nocturnal 
habits it seems doubtful that an}'one could 
approach close enough to observe such fine 
dc'tails in the field. That a fruit with a 
“tough firm outer layer” (Meeuse) could 
be so broken also seems unlikeK , particu- 
larly as the aardvark’s muzzle is soft ( King- 
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don). On tlio otluT hand tlic gapo and the 
nature of tlie jaw articulation of O. afer 
would permit taking tlie fruit into the 
mouth, where it could be crushed with the 
teethd I have uo other suggestion to offer, 
and the' matter ob\iously requires further 
inwstigation. No one, it would seem, lias 
presented a capti\e aard\ark depri\ed of 
\\’at('r with its “cucumbt'r” and recorded 
how the animal dealt with it. 

RELATIONSHIPS AND ORIGIN OF 
THE TUBULIDENTATA 

The affinities of aardvarks have long 
Ikh'u debated, the opinions put forward 
falling into tliree main categories: the 

group forms a division of an order or 
superorder Edentata, together with xenar- 
thrans and pangoliirs; it is a very isolated 
ordc'r whose origin lay somewliere among 
tlie Mesozoic mammals; its relationships 
are with the ungulates and its ancestry was 
condylarthran (for the histor\' of opinion 
and further references see Jepsen, 1932: 
270-274; Simpson, 1945: 190, 191, 239). 

Little iK'cd be said at this date regarding 
tlu* first of these views, now univc'rsally 
abandonc'd. The evidence reported and 
reviewed above brings notliing to its sup- 
port. Plesionjcteroptis does resemble arma- 
dillos and pangolins in certain skeletal 
features not present in orycteropodines, but 
convergence, not relationship, is involved. 

Broom (1909 a, b) was prominent among 
proponents of the second school, tfe saw in 
the primitive nature of Jacobson’s organ an 
indication of probable marsupial affinities 
and of very early divergence from the 
(‘utherian stock, while in the milk dentition 
(interpreted by him as di^, dej-, dmj|) “the 

(‘videnc(‘ of six premolars would 

suggest the possibility of its being related 

^ A comparable feat is performed by Dasy})iis 
uovcinciucfiis when it takes a quail’s e^^g into its 
inoiitb, crushes it and swallows it shell and all. 
Leakey has a drawing of an aardvark taking a 
fruit into its mouth, but wlu'ther or not this was 
based on obser\ation is not stated. 



to some of the Mesozoic mammals, a num- 
ber of whieli Inuq' probably an identical 
dt'iital formula.” It may be observed that 
a primiti\ e Jacobson’s organ would not be 
incompatible with condylartliran ancestry 
and that the' presence of numerous tooth 
germs in the premolar area does not neces- 
sarily link Onjeteropus to any Mesozoic 
group. A number of papers about the 
dentition of the aardvark and its tooth 
germs have been written. Despite the in- 
trinsic interest of this subject it has nothing 
to do with the problem of relationships. 
Leptorycteropus reveals that a rather gen- 
c'lalized tubulidentate had a functional 
canine and the normal eutlierian check 
tooth number. The additional tooth germs 
of Onjeteropus have no more relevance to 
the origin of the order than the numerous 
teeth of Priodontes have to the origin of 
the Edentata. Jepsen (1932), in referring 
Tidmlodon from the North American early 
Eocem' to the order, concluded tliat the 
ancestry did not lie among the Con- 
dylarthra and “must be souglit in the 
Mesozoic.” The principal evidence for his 
ordinal assignment of Tid)ulodon lay in the 
presc'uce of tubular structures in the den- 
tine. Diseo\ eries made since Jepsen wrote 
have revealed that Tuhuiodon is a member 
of the palaeanodont family Epoicotheriidae 
(Gazin, 1952: 32-46; Simpson, 1959). Here, 
tlien, if the tubular structures are at all 
comparable, might be evidence in favor of 
tlie old, inclusive edentate group. IIow- 
c'ver, they are surely not. Colbert (1941: 
348) pointed out that they were unlike the 
tul)ules of Onjeteropus. Gazin observed 
tubular structures in the te(‘th of the related 
Pentdpassahis, l)ut he also detected them 
not only in tec'th but also in bones of other 
forms occurring in the same deposits as 
Peutapassalus. Ilis conclusion was that 
they were certainly post-mortem in nature. 
\Miat('ver the relationships of the palaeano- 
donts may b(' — to Xenarthra, to Pholidata 
or to both (Mattliew^ 1918: 620-657; Simp- 
son, 1931; Emry, 1970; Patterson, 1975) 
they do not lie with the Tubulidentata. 



Fossil Aardvarks • Patterson 229 



The tliird ^ic^v liad a gradual growtli. 
As comparative anatomical studies pro- 
gressed during the 19th century the sepa- 
ration of Orycteropiis from both manids 
and xciiarthrans became increasingly ap- 
parent and resemblances to ungulates be- 
gan to be noticed. Around the turn of the 
eenturv, some authors (e.g., Smith, 1S9S: 
387-389; Weber, 1904: 419^20) had come 
to believe that these resemblances indicated 
the real affinities, Elliott Smith apparently 
being the first to suggest a condylarthran 
ancestry. What might be called the com- 
parati\'C anatomical approach culminated 
in the work of Sonntag and others. In his 
summation, Sonntag (1926: 479-484) re- 
\4ewed the anatomy of O. afer systcan by 
system, concluded that the affinities were 
with the ungulate orders (noting resem- 
blances to hyracoids and proboscideans) 
and, drawing on the paleontological litera- 
ture then available, strongly endorsed the 
hypothesis of condylarthran origin. Con- 
temporaneous or subsequent work in the 
same vein — Woollard (1925) on the brain, 
Coupin (1926) on the nasal region, espe- 
cially the endoturbinals,^ Frechkop (1937) 
on the feet, Frick (1956) on the muscles 
of the head — are not in contradiction. 

A minor point requires notice here. 
Onjeteropus has a mesethmoid and this, 
according to one vaew, might exclude it 
from the ungulate assemblage entirelv. 
Broom (1926, 1927, 1932: 317-318, 1935) 
split the Mammalia into two grand di- 
\isions, “Palaeotherida” and “Ncotherida’’, 
the fonner without and the latter with 
an additional ossification center, the mes- 
ethmoid, in the basicranial axis. The 
eutherian “Palacotherida” included Chry- 
sochloridae (an order in his opinion), Eden- 
tata, Proboscidea, Sirenia, Perissodact\da 
and Artiodactyla; the “Ncotherida” em- 



^ A resemblance to certain arctoids in the idi'O- 
liferation of the ectotiirhinal system led Coupin to 
suggest some relationship to the Carnivora also. 
I believe the resemblance to be due to con- 
vergence, the arctoids in (piestion being highly 
macrosmatic. 



braced Insecti\ora, Macroscelidea, Der- 
moptera, Chiroptera, Primates ( including 
Tupaiidae), Rodentia, Lagomorpha, Phol- 
idota, Carni\^ora, Cetacea, Hyracoidea 
and Tubulidentata.^ ‘'Most probably,” he 
thought (1932: 318), “with the enlarging 
brain too much cartilage was left to be 
readily ossified by the presphenoid and the 
mesethmoid arose as a neomoiph,” a sug- 
gestion that took no account of the 
possession by various “palaeotheridans” of 
brains more enlarged than those of 
numerous “neotheridans” and ignored the 
likelihood that if this really was the 
explanation a mesethmoid might well 
appear independently in group after 
group as brain size increased. As regards 
distribution of the mesethmoid among 
the mammalian ordc'rs Broom was on 
shaky ground; he knew of or examined 
far too little material and subsequent work 
has pro^x'd him wrong in some instances. 
Among the “palaeotheridan” Artiodactyla, 
Starck (1967: 498-502) cites AugieFs find- 
ing of additional centers of ossification in 
the basicranial axis of Sus and himself 
figures a clearly defined mesethmoid in a 

^ Broom was a little given to this sort of thing. 
Earlier (1897, 1915 a and b) he had proposed two 
other grand divisions of the Eiitheria based on the 
structure of Jacobson’s organ. Chrysochloridae, 
Tupaiidae, Macroscelidea, Rodentia and Lago- 
inorpha (probably), Edentata and Tubiilidentata 
were included in the “Archaeorhinata”; Insectiv- 
ora, Chiroptera, Primates, Carnhora, Cetacea 
and Sirenia (possibly), H>Tacoidea, Perissodactyla, 
and Artiodactyla in the “Caenorhinata” (for want 
of material some living groups were left out of 
account and nothing at all was said about how 
an extinct order could possibly be allocated on this 
basis to one di\usion or the other). Agreement 
between the two schemes is, not surprisingly, very 
far from complete. Onh’ two “archaeorhinate” 
groups are also “palaeotheridan”, artiodactyls and 
perissodactyls are “caenorhinate” but “p^laeo- 
theridan”, Onjeteropus is “archaeorhinate” but 
“neotheridan”, and so on. That such discrep- 
ancies worried Broom is not apparent from his 
writings; he seems to ha\e forgotten about 
“Archaeorhinata” and “Caenorhinata” by the time 
he proposed “Palaeotherida” and “Xeotherida.” 
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neonatc‘ Uippopotcmius ( witliin this order 
Broom studied onh' Bos, Ovis and Capra). 
A “palaeotlieridan'’ order lias tliiis been 
sliown to include Aieotheridan” members, 
and future findings of a similar nature may 
confidently lie expected. Among the 'pal- 
aeotheridan" Edentata, Deehaseaux (1971: 
17-20) has described a median ossification 
in the ground sloths Oreomjloclon and 
Uapalops that, topographically, has the 
attributes of a inesethmoid, and has 
cogently commented on the practical diffi- 
culties of dc'termining, on the basis of basi- 
cranial ossification centers, whether extinct 
forms belong to one category or the other: 
“comment, des lors, etablir pour Ics Mam- 
miferes actuels et fossiles unc' division en 
Paleothcrida et Neothcrida qui ait une 
valcur assez sure pour servir de fondement 
a des hypotheses doidre generales.” As a 
furth('r eonsidcTation, few would deny the 
“neoth(‘ridai7' llyracoidea a place among 
the ungulates. Jollie (1958: 274), without 
mentioning the inesethmoid b\^ name, refers 
to it under th(' heading “secondary ossifi- 
cations in the posterior part of the nasal 
capsule”, i.e., structures of minor signifi- 
cance. I must agree with Roux (1947: 370- 
376), Starek, and Deehaseaux that the 
inesethmoid is no guide to higher groupings 
in the Eutlieria. Possession of this bone by 
Onjcteropiis necxl not be taken into account 
in assessing affinities. 

Until rather recently the fossil record of 
the Tubulidentata consisted for all practical 
purposes — Plcsionjcteropus being ignored 
— of a few extinct species of Onjeteropus, 
and paleontology was thus in no position 
to make any direct contribution to the 
problem of relationships. With the eon- 
dylarth hypothesis in the air, however, 
paleontologists familiar with eondylarthran 
osteology could weigh the resemlilances 
and differences between the extinct order 
and the living genus across the vast inter- 
v(‘iiing time gap. Thus Matthew (1937: 
134-144) found the posteranial skeleton of 
Onjctcropus to compare closely with tliat 



of the Pal eocene periptychid Ectoconiis 
and used it as the' standard of comparison 
in his description of the latter. The re- 
semblance, he thought, “does not involve 
any near relationship,” a denial that no 
doubt stemmed from his belief (p. 196) 
that Ectoconiis, as a periptycliid, was a 
member of the now generally abandoned 
order Taligrada ( Periptychidae and Panto- 
lambdidae), which he regarded as broadly 
ancestral to most of the “siibimgulate” 
orders. He did, howc\^er, state that the 
tubulidentate pes was perhaps derivable 
from the eondylarthran type (p. 319). 
Gregory (1910: 337) had earlier called 
attention to resemblances between the two 
groups in the astragalus, a point expanded 
upon by Sonntag (1926: 464-7).^ Colbert 
(1941: 343-347), iLsing the technique of 
defonned coordinates, carried the com- 
parison of Ectocouus, which he regarded as 
a condylarth, further, and on the basis of 
the resemblances he detected concluded 

that the two orders “ must have had 

a common ancestry in basal Tertiary or late 
Cretaceous times. Morco\'er, it seems to me 
that this primitive ancestor probably was 
a condylarth.” The additional evidence 
now available, proxaded by the extinct 
or\x4eropodid genera made known since 
Colbert wrote and by recent additions to 
knowledge of eondylarthran osteology 
(Arctocyon, Russell, 1964: 139-189; Menis- 
cotheriidae and Ilyopsodontidae, Gazin, 
1965, 1968), may briefly be reviewed. 

The skulls of aardvarks and condy- 
larths have been little compared. As far 
as the facial region is concerned the tsvo 
groups are of course far apart, but in the 
cranial certain resemblances between mem- 
bers of the two orders are apparent. The 
primitix^e txanpanic of Onjcteropiis is not 
fused to the skull. Its anterior crus attaches 



^ Matthew made lu) reference in his monograph 
of 1937 to this study of Onjctcropus. The omission 
was no doubt dtie to posthumous publication, the 
major portion of his te.xt tuning been xxa'itten in 
1916-1917. In 1918 (pp. 655, 656) he faxored 
a eondylarthran origin for the Tubulidentata. 
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to the postglonoid process and to a tubercle' 
anteroventral to it on tlic sc[uainosal-ali- 
sphenoid suture. This tubercle corresponds 
to the crest posterolateral to the foramen 
ovale described by Gazin, who suspected 
that it served for tympanic attachment, in 
Meniscotherium and Ilyopsochis. The ali- 
splicnoid in oiActeropodids is a major 
contributor to the anterior wall of the 
tympanic cavity, and a similar degree* of 
participation also occurs in condylarths. 
The latter lack an epitympanic sinus and 
so doe*s Plesiorycteropus. The lateral face 
of the periotic in Orycteropus is dee*p and 
nearly \aTtical whereas that of condylarths 
is less inclined, but here again Plesiorycter- 
opus is closer to the condylarth condition; 
in neither group is the promonterinm con- 
spicuous. The paroccipital process is re- 
duced te) the vanishing point in orycter- 
opodids; it is small in Uyopsodus. The 
alisphene)id ce)ntributes laterally to the base 
of the ptciygoid plate in aardvarks and to 
a rather greater extent in condylarths. The 
posterior margin of the palate in Orycter- 
opus is in the fonn of a very prominent 
trans\Trse bar; a similar structure occurs in 
\ arious condylarths. The lachrymal area in 
the two groups is similar (Gregory, 1920: 
171, 176); the foramen is within the orbit 
in condylarths and Plesiorycieropiis. A con- 
tact between frontal and alisphenoid occurs 
in Orycteropus and Arctocyon. The cranial 
foramina arc broadly comparable in the 
two orders. Orycteropus lacks a postglenoid 
foramen but Plesiorycteropus has one. The 
orycteropodids do not ha\^e an alisphenoid 
canal but neither do all condylarths, e.g., 
Uyopsodus. 

The vertebral formula in Orycteropus 
afer is G7, D13, LS, S6, Cd25. In most 
condylarths for which the count in whole 
or in part is reasonabb^ well known — 
Phcnacodus: G7, D14 or 15, L4 or 5 (not 
6 or 7-Gazin), S4, Gd24; Ectoconus: G7, 
D14 L4, S4; Arctocyon: G7, D14?, L6?— 

the number of lumbars is lower, but in 
Meniscotherium it is nine. The marked 
increase in the sizes of the posterior dorsals 



and lumbars over those of the anterior 
dorsals encountered in Orycteropus and 
Leptorycteropus also occur in Meniscothe- 
rium. The solidly built condylarthran 
sacrum is a structure from which the 
orycteropodid saci'um could readily have 
been derived by incoiporation of anterior 
caudal s. 

An:iong aardvarks the scapula is known 
only in Myorycteropus and Orycteropus^ 
the most fossorial members of the order. 
It is broad, with large pre- and postspinous 
fossae, coracoid process and metacromion, 
and an acromion that descends distally well 
below the glenoid cavity. No known con- 
dylarth was specialized for digging. De- 
spite tliis, certain resemblances to the 
oiAX'teropodid scapula occur in one mem- 
ber or another of the order: in Arctocyon 
the bone as a whole is rather wide, in 
Ectoconus the coracoid process is stout and 
recurved, as in condylarths generally (some 
recurvature may also occur in aardvarks) 
and in Meniscotherium a prominent meta- 
cromion is present, \7trious resemblances 
between the two orders in the structure of 
the humerus arc* apparent. The proximal 
end of the bone and the large deltopectoral 
area in orycteropodids resemble those of 
Ectoconus and Arctocyon, with the lesser 
developed area of Leptorycteropus finding 
a counteipart in Meniscotherium chaniense. 
The prominent supinator crest of the 
oryctcropodines is n^atched among condy- 
larths by those of Arctocyon and Ectoconus, 
the lesser one of Plesiorycteropus by Loxo- 
lophus and Meniscotherium. Like aard- 
varks, various condylarths lack a supra- 
trochlear foranum. The cntepicondylar 
and distal articular areas are very similar 
in both. The radius and ulna and, in par- 
ticular, the manus are specialized in 
tubulidentates. Neither the marked distal 
c\xpansion of the radius and ulna in orycter- 
opodines nor the distal diminution of the 
ulna in Plesiorycteropus is met with in 
condylarths, but the rather generalized 
structure of these bones in that group could 
have provided the base from which such 
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specializations arose. The aarch^ark inaiuis 
is liilly known only in Orycteropus. In this 
form the virtual elimination of the first 
digit, the increase in width of the rest of 
the foot and the concentration on tlie 
second and third digits have result(‘d in a 
widening of the lunar, a diminution of the 
magnum, some enlargement of the centrale 
portion of the scaphocentrale, a marked 
lateral extension of the trapezium over Me. 
II (this carried evc*n further in Myorycter- 
opns), and the development of an articu- 
lation between the cuneiform and Me. V. 
Most of this is on the dorsal side, however. 
If the inaniis is viewed from the ventral 
surface, there is, apart from tlie extension 
of the trapezium and the concomitant 
reduction of the trapezoid, a closer re- 
semblance to the condylarthran caipal ar- 
rangememt. 

The tubulidentate pelvis is peculiar in 
tlie possession of a very prominent, laterally 
projecting process in the region of the 
ischial tuberosity. Orycteropus is further 
specialized in the extension of tlie ischium 
posterior to this process and in the dorsal 
t'xpansion of the ilium above the saeral 
articular area. Neither character is to be 
seen in Plesiorycteropus, and the latter 
would appear to have been less marked in 
Lcptorycteropifs. Sucli specializations apart, 
there is a general resemblance b(‘tween 
aardvark and condylarth innominates, in- 
cluding shape and direction of the anterior 
portion of the ilium, thc‘ prominent tul:)ercle 
for M. rectus fcanoris and the spina ischia- 
dica. The iliopectineal process, very promi- 
nent in Orycteropus, is much k'ss developed 
in Lcpforycteropus. The condylarth femur 
is rather closely comparable to that of 
aaixhairks in overall shape, trochanters and 
digital fossa. The marked lateral extension 
of the distal end in oryctcropodines does 
not occur in Plesioryeteropus. Fusion 
apart, tibia, and fibula are similar in the 
two orders as regards such features as the 
antero]:)osteriorly (\xpanded proximal and 
distal ends of tlu‘ fibula and the wide 



proximal end and prominent cnemial crest 
of the tibia. Tibial bowing and an in- 
terosseous crest occur in condylarths, e.g., 
Meniseotherunn. Basically, the oryctero- 
podine pcs is of condylarthran type. The 
resemblanees in the astragalus have been 
eommented on l)y previous authors (that of 
Plesioryeteropus is presumably specialized). 
The tarsal articulations, with the exception 
of the calcaneonavicular facet (a special- 
ization), agree with those seen in menis- 
cotherids and th(' later phcnacodontids 
and hyopsodontids. The long, transversely 
compressed tubulidentate entocunciform is 
approached in members of these families. 
In O. afer the wedge-sliaped ectocuneiform 
thrusts up between cuboid and navicular, 
imparting a somewhat alternating appear- 
ance to the tarsus in dorsal view. O. 
gaudryi, in which the wedge shape of this 
bone is less accentuated and the narrower 
cuboid has a less outwardly and down- 
wardly sloping medial articular surface, 
suggests that the condition in the surviving 
spc‘cies is secondary, related to the widen- 
ing of the pes within the Orycteropus line- 
age. The relations of the metatarsals to the 
distal tarsal row and to each other, includ- 
ing the proximal overlap of the dorsal 
portion of Mt. Ill over Mt. IV, are again 
as in tlie tliree families mentioned above. 

All in all, there is a strong similaritv^ be- 
tween condylarths and aardvarks in the 
skeleton, with many of the features seen 
in the latter either actually occurring in 
one or more of the families of the former 
or capable of derivation from a condylarth- 
ran base. Available' data are consistent 
with the In pothesis that the one order was 
derived from the other. 

Evidence bearing on the place of origin 
of the Tubulidentata is indirect yet sug- 
gc‘sti\a'. The earliest members of the order 
so far known occur in Africa. Two extinct 
lineages of the Orycteropodinae were pres- 
ent there. The divergently specialized 
Plesiorycteropus, whose ancestors reached 
Madagascar from Africa probably at some 
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time in tlie Eocene, furtlier tilts tlie scales. 
The only evidence that might argue against 
an African origin is providc*d by two leones 
from tlic Phosphorites, both a little dam- 
aged, described by Filhol (1894: 135-6, 
140-1). One of these, a hnmenis, he re- 
ferred to the Orycteropodidae as Palaeoryc- 
tewpiis querciji. The other, a tibia, which 
he compared with that of the pangolins, 
was later made the type of Archaeorijcter- 
opiis gaUiciis by Ameghino (1905: 223).^ 
Neither is convincingly oryctcropodid-like. 
Simpson (1931: 374) considered both to be 
indeterminate, and Thenius (1960: 196n) 
concluded that Palacorycteropus “ . . . 
gehort sicher nicht zii den Tnbnlidentaten.” 
Both, I think, should be listed as Entheria 
inc. seclr 

In agreement with such authors as Lavo- 
cat, Arambonrg, and Cooke, 1 believe on 
present evidence that the Tnbnlidentata 
came into existence in Africa, possibly in 
Paleoccne time, one of a number of groups 
that arose there during the isolation of that 
continent during the earlier Tertiary. What 
the relationships of the order may have 
been to the other distinctively African 
ungulate groups, all presumal)ly of con- 
dylarthran ancestry, is at present C[uite 
uncertain. For evidence bearing on this 
and on numerous other problems concern- 
ing the early history of mammals in Africa 
wc must wait upon future discoveries. 



^ In the same paper he referred a broken distal 
end of a tibia (now lost) from the early Eocene 
Casamayor Formation of Patagonia to this 
“genus”, as A. patagoniciis. Simpson (1948: 94) 
very justifiably regarded the “species” as a 
iiomen vanum. 

“ A third Phosphorites form sometimes men- 
tioned in this connection is Leptoincmis querciji 
Filhol 1894, based on an incomplete dorsal portion 
of a skull. Filhol believed the specimen to repre- 
sent a manid showing points of resemblance to 
myrinecophagids, Simpson regarded it as “in- 
determinate, possibly an orycteropodid”, and 
Emry, with whom I agree, would include it in 
the Manidae “\\ath the understanding that its real 
identity may not be known.” 
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